#9? Py * bot } ral - J vi m= ? ZZ i sta 
CAA bin) AB EOE 


4 : " 
Por ne 
ee se 
% is =I Ae d 
+ aon Se 
$2) oa ia 
So foe oe & 
rare i we 
a. Lert & 
be og eae Sele ase R 
gakes Perel oe ot he 
ees Pee 
a. = 


ely ee a 
a We. 


a hee 
me : sample 
2 isurvey 


1955-1958 


= Rp 
et 


INDIAN COUNCIL OF MEDICAL RESEARCH 
| NEW DELHI 


SS 


Community Health Cell 


Library and Information Centre 
# 359, "Srinivasa Nilaya" 
Jakkasandra 1st Main, 
1st Block, Koramangala, 
BANGALORE - 560 034. 

Ph : 2553 15 18 / 2552 5372 
e-mail : che @sochara.org 


CN Chonrab oh 


TUBERCULOSIS IN INDIA 


SPECIAL Report Series No. 34. 


ZT BEALS 
Ea: ene ae 2 


4 \ on 


oT ABRARY La 
a AND 5 
tS ( \nroRMATION ) 


A SAMPLE SURVEY 


1955-58 


INDIAN COUNCIL OF MEDICAL RESEARCH 


NEW DELHI 


FOREWORD 


TusBERCULOsIs takes a heavy toll of life in India and is one of those 
important public health problems which the Government of India would 
like to deal with as expeditiously as possible. Large schemes for tuber- 
culosis control are being undertaken and it is, therefore, very necessary 
to have knowledge of the prevalence of tuberculosis in our country so 
that we may be in a position to assess scientifically the impression the 
control measures make on that problem. With this object in view, an 
epidemiological investigation has been carried out and this report 
contains the results of that investigation. The investigation has 
been carried out at an opportune moment, and not a day too early, 
and it is of interest to note that an effort of such a magnitude is not 
known to have been attempted earlier. 


The preliminary report of this investigation was presented at the 
International Tuberculosis Conference in Delhi in January, 1957, and it 
created great interest among visiting workers from other countries. 
They suggested that such work should be undertaken in other countries 
of the East in order to ascertain the position of tuberculosis in them. I[ 
am sure, tuberculosis workers, not only in India but in other parts of 
the world as well, are looking forward to the publication of this report 
with interest. 


I am glad that the Indian Council of Medical Research has been 
able to undertake this investigation for which the Government of India 
has provided the Council with necessary funds. 


I would like to congratulate those who have participated in this 
labour and have made the appearance of this report possible and would 
commend the report to all who are interested in tuberculosis. 


New Delhi, D.P. KARMARKAR 


Ist May, 1959. MINISTER FoR HEALTH 
GOVERNMENT OF INDIA. 
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PREFAGE 
anal Ar sttfarray 
“From darkness lead us to light’’—(sHATPATH BRAHMAN) 


THE above quotation seems to be apt in presenting this report on the 
Sample Survey on Tuberculosis in India. Even in the recent past precise know- 
ledge of the prevalence of tuberculosis in India was lacking and this was a serious 
handicap in the working out of large scale plans for the control of this disease. 
Attempts were made to assess the problem by individual tuberculosis workers 
by limited surveys, but these were like stray rays of light in total darkness and 
formed only rough guides for planning. The Five Year Plans demanded more 
accurate data on the extent and nature of our tuberculosis problem than what was 
available and this was one of the urgent reasons for undertaking this survey. This 
survey in fact is the first major attempt at a systematic assessment of the magnitude 
of the tuberculosis problem in India. 


The present survey was limited to pulmonary tuberculosis as this is consi- 
dered to be the most important form of tuberculosis in the country from the 
epidemiological and public health points of view. Areas around six centres, viz., 
Calcutta, Delhi, Hyderabad, Madanapalle, Patna and Trivandrum, which had 
mobile miniature x-ray units, were selected for survey. These zones together 
account for about 40 per cent of the population of the country. Within each zone 
the population to be surveyed was selected on a sampling basis, due consideration 
having been given to both urban and rural areas. This report relates to the survey 
covering six cities, 30 towns and 151 villages. The number of persons x-rayed was 
290,758. 


The survey posed many technical and organisational problems. The technical 
problems such as deciding on the criteria for diagnosing tuberculosis were taken up 
by the Tuberculosis Sub-Committee of the Indian Council of Medical Research, 
which also called in special experts when necessary. In the course of the survey, 
this committee set up two special sub committees, one to handle the questions 
arising in the planning and execution of the survey and the other to evolve suitable 
methods for using the x-ray and_ bacteriological findings to arrive at reliable 
estimates of the prevalence of the disease. 


On the organisational side, the main problem was to provide additional 
facilities for those survey units which were not adequately equipped for large-scale 
miniature radiography and laboratory examinations. Further, all the centres did not 
have adequate staff with experience in carrying out mass surveys. In three centres, ° 
viz., Calcutta, Delhi and Madanapalle, a nucleus staff was readily available while 
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in the other three centres, viz., Hyderabad, Patna and Trivandrum, the bulk of the 
staff required for survey had to be recruited and trained. The officers-in-charge 
for the Hyderabad, Trivandrum and Patna zones were given training in Madana- 
palle or Delhi. The training of the other local staff was the responsibility of the 
officers-in-charge in the different zones. 


The survey had to be operated on a zonal basis with each centre taking 
complete responsibility for the preliminary reading of the x-ray films and for 
bacteriological examinations. Additional laboratory facilities had to be provided 
to some of the centres. It was realised that it would be possible to take the 
mobile vans only to villages situated sufficiently close to motorable roads. In order 
that the survey may be extended to areas which would thus be excluded, it was 
necessary to secure portable x-ray units. The World Health Organisation offered 
two x-ray outfits for this purpose, but these arrived in India too late to be used in 
all the six zones, nor were they portable enough to be transported far into inacces- 
sible areas. These units were, however, used to cover the inaccessible blocks of 
Calcutta city and are now being used in two zones for surveying a sample of the 
‘naccessible villages included in the original sample. As the mobile x-ray vans of 
the Hyderabad centre were found to be too heavy to reach even the ‘‘accessible’’ 
villages arrangements were made to transfer to this centre a smaller mobile x-ray 
unit from the Tuberculosis Centre, Madras. 


The areas to be surveyed, being selected at random, were scattered all over 
each zone and sometimes more than 100 miles had to be covered for going from one 
selected area to another. It was, therefore, essential to make arrangements for 
placing adequate number of transport vehicles with each team. This became 
possible because of the timely help given by the UNICEF who loaned some of the 
reserve vehicles (jeeps and station wagons) they had for BCG Campaign. 


The procuring and distribution of x-ray films had also to be handled 
expeditiously. Since adequate stock was not available in the country, immediate 
requirements had to be airlifted from foreign countries. 


The finances for the survey were provided by the Government of India, who 
placed a special grant of Rs. 6 lakhs at the disposal of the Indian Council of 
Medical Research under whose auspices the survey was carried out. Though it 
has been possible to carry out the survey with this amount, the expenditure 
incurred cannot be taken as a standard for similar surveys. The salary of regular 
staff attached to each survey unit was paid by the organisation which was adminis- 
tratively controlling it. Only the special allowance for the field staff and the 
salary and allowances for extra staff employed were met by the Indian Council of 
Medica] Research. The expenditure on the statistical tabulations and analysis, 
which would have been considerable, was also not met from this special grant, as 
existing staff and equipment of institutions participating in the survey were utilised 
for this purpose. 
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In’a survey of this type where the sample selected is comparatively small it is 
essential to have a high coverage of the selected population. It was realised from 
the beginning that special efforts were to be made to secure the co-operation of the 
public. Our approach was such that it was possible in most of the zones to x-ray 
about 90 per cent of the sampled population. It must be emphasised that this high 
coverage has been achieved under very difficult conditions and by long and 
strenuous hours of work on the part of the field staff. To ensure full co-operation 
of the population, considerable spade-work had to be done both by the senior 
officials of the Government and the field workers. It would not have been possible 
for them to perform this important aspect of the work so successfully but for the 
excellent co-operation they received from all categories of Government officials, 
especially from the Directors of Health Services of the States and their district 
officers. 


The survey was completed within the stipulated period of about two years. 
This made it possible to present a preliminary report about tuberculosis morbidity 
in the country at the International Tuberculosis Conference held in Delhi in 
January, 1957. While we are happy that such a sample survey could be carried out 
in a scientific manner in about two years’ time at the cost indicated, a word of 
caution seems to be necessary for those who may think of undertaking similar 
surveys. The latitude given by the Indian Council of Medical Research and the 
Government of India to carry out this work on an emergency basis was partly 
responsible for the quick turn over. If normal administrative procedure were 
followed it was very likely the survey could have taken five years or more, with 
corresponding increased cost. 


There can be no doubt that the present survey has more than justified the 
expenditure incurred on and the effort put into it. In addition to providing reliable 
data about the prevalence of pulmonary tuberculosis in the country the survey has 
also indicated the need for some reconsideration of the prevailing ideas on the 
epidemiology of tuberculosis in India. These are of great value in our planning 
tuberculosis control measures for the country. For example, contrary to prevailing 
‘notions the survey has shown that tuberculosis is prevalent in rural areas also almost 
to the same extent as in urban areas and as such anti-tuberculosis measures have to 
be extended to these areas before long. The survey has also been timely in giving 
data, which can provide the base line against which comparisons could be made in 
future in assessing the prevalence of tuberculosis. It was essential to secure this 
base line now, as far-reaching changes in the social and economic life are taking 
place in the country, and also large scale anti-tuberculosis measures are being 
introduced in its Five Year Plan programmes. 


The survey was planned and supervised by the Tuberculosis Sub-Committee 
of the Indian Council of Medical Research and thanks are due to the Members of 
this Committee for the hard and heavy work they had put in during the course of 
the survey and the preparation of the report. Thanks are due to the Government 
of India for placing at the disposal of the Indian Council of Medical Research the 
necessary funds for the survey. 
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Special thanks are due to Dr. C. Chandrasekaran, Professor of Statistics, All- 
India Institute of Hygiene and Public Health, Calcutta, who was our statistical 
adviser and who has been mainly responsible for drawing up the detailed plans for 
the survey and for the analysis and presentation of the data as well as for the pre- 
paration of this report. He was assisted in this by the statisticians of the Tuber- 
culosis Section of the Directorate General of Health Services, the Union Mission 
Tuberculosis Sanatorium, Arogyavaram (Madanapalle) and the New Delhi Tuber- 
culosis Centre (Delhi). 


Mention has already been made of the field staff who by their untiring efforts 
and commendable tact and patience completed the field work within the stipulated 
time and secured the co-operation of about 90 per cent of the population in the 
selected groups. Thanks are also due to the local Government agencies in the 
areas surveyed and the officials at the State and District Headquarters for the 
co-operation they had extended to the field teams. We have to thank the Directors 
of Statistics in the States of Bihar, Bombay, Hyderabad (now Andhra), Mysore and 
Travancore-Cochin (now Kerala) for their help in selecting the sample blocks to be 
surveyed within towns and cities in their States. 


We are grateful to the various institutions for placing at our disposal the 
mobile x-ray units and other facilities with their experienced staff for carrying out 
the survey. Our thanks are due to the international agencies, W.H.O. and 
UNICEF, for providing additional equipment and transport vehicles needed for 
the survey. I take this opportunity to thank my staff in the Tuberculosis Section 
of the Directorate General of Health Services for the unstinted help they have given 
during the various phases of the survey and in the preparation of this report. 


P.V. BENJAMIN - 
New Delhi, Adviser in ‘Tuberculosis, 
31st March, 1959. Government of India. 


INTRODUCTION 
TUBERCULOSIS IN INDIA—GENERAL IMPRESSIONS 


TUBERCULOSIS was known to exist in India over two thousand years ago and 
the description of the disease, its symptoms and treatment in early Indian literature 
leaves no doubt as to the identity of the disease. But there was no indication 
whether it was confined only to certain isolated areas or whether its existence was 
widespread. | 

While there was no exact information available about the extent of the 
disease even in the recent past, there was enough evidence to believe that it has 
been widespread for a considerable time and is at present a major public health pro- 
blem. This is specially so because conditions favourable to the spread of the disease 
such as poverty, inadequate or unbalanced nutrition, and overcrowding are only 
toocommon, The overcrowding in cities is well-known, the houses being cluster- 
ed together and whole families having to live mostly in single or double room 
tenements. But even in rural areas, such living conditions are not uncommon as 
in most parts of the country, villages usually consist of clusters of houses built 
within a small area, even though there is plenty of open space around. Increased 
contact between urban and rural populations, because of improved communications 
and of industrialisation is also a contributing factor in the spread of tuber- 
culosis to the rural areas. This is particularly so, as under Indian conditions 
workers from rural areas move temporarily to cities during the slack seasons 
in search of employment and return home periodically when agricultural opera- 
tions demand their presence. It is also known that when workers from rural 
areas fall sick in cities, they try to return to the villages for recouping their health, 


DATA ON THE PREVALENCE OF PULMONARY TUBERCULOSIS 


Until recently information on the prevalence of the disease in different parts 
of the country has been meagte. The available data are teviewed below. 


(i) Mortality rate is one of the criteria used for judging the seriousness 
of the tuberculosis problem in a country. This is not a reliable index in India 
as, apart from the fact that death registration is incomplete, accurate certification of 
the cause of death is not possible due to paucity of trained medical personnel. 
No attempt has therefore been made to present the available mortality statistics 
here. & 

(ii) Morbidity rate is another criterion used for assessing the tuberculosis 
problem. Facilities for accurate diagnosis and for the notification of the diagnosed 
cases do not exist at present in many parts of the country. Forthis reason noti- 
fication statistics cannot also be cited with advantage. Some special investigations - 


2 


on limited groups of population form the main source for providing a direct indi- 
cation of the prevalence of tuberculosis. 


During 1938-39 a population of 30,000 in Saidapet, a suburb of Madras (South 
India) was surveyed (Benjamin et al 1939). Here, a sample of the population was 
tuberculin tested and those who were strongly positive to tuberculin were x-rayed. 
This survey showed that at least in that part of the city, the tuberculosis prevalence 
rate was 2:3 per cent. Ancther survey in the urban areas of Serampore (Lal et al 
1944) showed a morbidity of 7 per cent ; tubercle bacilli were demonstrated in 3 
per cent of the population examined. In the absence of mass miniature x-ray 
equipment, these investigations were carried out with meagre x-ray facilities. 


Since 1945, x-ray surveys have been carried out on a limited scale with the 
help of miniature x-ray equipment. The first of these was done in a military 
centre (Aspin, 1945); 6,000 persons were x-rayed, half of them Gurkha recruits and 
half labour unit personnel. This survey showed a morbidity of 1 per cent and 
3:4 per cent among the Gurkha recruits and labour units respectively. 


Further surveys with miniature x-rays of groups of population have been 
done during the last ten years in Delhi, Madras, Madanapalle and Trivandrum. 
These surveys showed morbidity rates varying from 1:2% to 25% (Frimodt-Moller, 
1949, Sikand and Raj Narain, 1952, Phillip et al 1952, Hertzberg, 1952). 
The above surveys have all been in urban areas. In 1952, a rural population of 
34,000 persons living in 175 villages around Madanapalle was also surveyed. 
The morbidity in this group was 0:42 per cent ; tubercle bacilli were demonstrated 
in 0-24 per cent (Frimodt-Moller et al 1952). 


The above estimates of morbidity are based on investigations by indi- 
vidual workers. Moreover these studies, excepting the one at Madanapalle, were 
confined to special groups such as police force, medical students, nurses, college 
students, factory workers and displaced persons. Although these studies have, no 
doubt, given valuable information, yet they do not provide an adequate basis for 
estimating the incidence of tuberculosis in the general population. 


(iii) Infection rate.—Tuberculin testing has long been recognised as one of 
the methods for estimating tuberculosis infection in a community and thereby pro- 
viding an indirect measure of the prevalence of the disease. Tuberculosis workers 
in India had made extensive use of this method between 1930 and 1940. More 
recently, the results of country-wide tuberculin tests done in connection with 
the mass BCG Vaccination Campaign are available. These have shown that in the 
industrial cities about 75 per cent of the population become tuberculin positive 
by the age of fifteen. These have also shown that infection rate is generally higher in 
urban areas than in semi-urban and rural areas. But the differences in infection 
rates between the villages, towns and cities were not as well-marked as was 
expected. This was a matter which had to be studied further specially because it 


implied that the prevalence of the disease in small towns and rural areas may be 
much higher than was expected. 


3 
NEED FOR ADEQUATE INFORMATION 


Till now, the planning of tuberculosis control measures had perforce to 
be based on the meagre information that was available. Since largescale Tuberculosis 
control measures were being introduced as part of the Five Year Plans, it was 
thought essential to secure additional data which could not only help in introducing 
control measures in areas and communities needing them most, but also to provide 
the base line for assessing the effectiveness of these measures in course of time. 
Without such data being made available now, the opportunity for such scientific 
assessment might be completely lost. 

The question was: ‘‘How could the necessary data be secured expeditiously 
and economically ?”’ The Tuberculosis Sub-Committee of the Indian Council of 
Medical Research considered this question and decided that this objective could be 
achieved only by undertaking a sample survey in different parts of the country. 
While this matter was being discussed, the need for presenting reliable data on 
tuberculosis prevalence in India at the International Tuberculosis Conference held 
in New Delhi, early in 1957, made the need for such a survey even more urgent. 
The Government of India agreed to give a special grant to the Indian Council of 
Medical Research to undertake such a survey. The Tuberculosis Sub-Committee 
of the Indian Council of Medical Research drew up a detailed plan for the survey 
and undertook to carry it out under its supervision. 


CHAPTER I 


GENERAL CONSIDERATIONS IN THE PLANNING 
OF THE SURVEY 


IN PLANNING this sample survey on the prevalence’of pulmonary tuberculosis 
it was thought that the method of choice would be to supplement radiological 
findings with bacteriological examinations. The diagnostic examinations to be 
used and the population groups to be surveyed had to be determined largely from 
practical considerations, These considerations and the decisions made are discussed 
below :— 


(a) DIAGNOSTIC EXAMINATIONS 


A primary consideration in the planning of the survey was the diagnostic 
examinations to be used. It is usual in clinical practice to base the diagnosis of 
pulmonary tuberculosis on x-ray examination followed by repeated bacteriological 
examinations for demonstrating the presence of tubercle bacilli. Jn those cases, 
where a miniature x-ray has been taken first and this has shown doubtful or sus- 
picious shadows, large x-rays or screening have been resorted to for confirmation. 
In an extensive survey as the one under consideration this detailed examination was 
not considered to be practicable as it involved repeated visits to populations 
scattered over wide areas. The actual operations in the field were therefore 
limited to (i) the taking of one miniature x-ray (70 mm.) and (ii) collection of 
sputum and laryngeal swab specimens for bacteriological examinations during a 
single visit from persons with suspicious x-rays. 

The use of the miniature x-ray films would not only result in reducing the 
cost, but also in increasing the speed of the taking and reading of the x-ray pictures 
as compared to use of films of standard size. Inasmuch as there were reasons 
to believe that the loss of information resulting from the use of miniature films 
would be negligible (Yerushalmy 1947), the accuracy of the survey from the 
radiological point of view was not likely to suffer. In regard to bacteriological find- 
ings, it was realised from the very beginning that the inability to carry out repeated 
examinations would result in an under-estimation of the bacteriologieally positive 
cases. While this was considered inevitable in view of the budgetary and personnel 
limitations under which the survey had to be planned, it was felt that the use of a 
single bacteriological examination could provide at least a definite lower limit to the 
number of active tuberculosis cases in the community. 


(b) FoRMATION OF ZONES 


Because of the type of diagnostic examinations to be done in the survey only 


populations living in areas surrounding the tuberculosis centres with mass X-ray 
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units and facilities for bacteriological examination could be included. Four centres, viz., 
Union Mission Tuberculosis Sanatorium, Madanapalle, and the Tuberculosis Centres 
at New Delhi, Patna and Trivandrum already had both these facilities. At two other 
centres viz., All-India Institute of Hygiene and Public Health, Calcutta and 
Tuberculosis Centre, Hyderabad, mass x-ray units were available, but facilities for 
bacteriological examination had to be organised. A new centre was expected to be 
set up at Madras, with all facilities required for the survey. It was decided there- 
fore to have the survey in areas around these seven centres and use the headquarters 
laboratory facilities at each centre for bacteriological work. These areas are referred 
to as zones in this report. 

The spread of the zones around these centres had to be determined from 
practical considerations. In order to obtain valid estimates of disease prevalence 
it was necessary to ensure that as close to 100 per cent of the population selected for 
survey as possible should be x-rayed and be subjected to other examinations consi- 
dered necessary. This was particularly important because the percentage of 
tuberculosis cases in the population was not likely to be more than 5 percent. It 
was doubted whether such a high proportion of the populations included for survey 
would actually submit themselves to the necessary examinations unless the task was 
made easy for them. In particular, it was felt that the x-ray van should reach as 
close to the people as possible, so that they would not be réquired to travel long 
distances for being x-rayed. This involved moving the x-ray van over long distances 
and sometimes over bad or improvised roads, putting a limitation on the size of the 
zone to be formed round each centre. A further limitation was the consideration 
that bacteriological specimens had to be transported to headquarters well within a 
week of their collection. In view of these considerations areas within a radius of 
about 200 miles round the headquarters formed the zones included for the survey. 
Details of these zones are givenin Table 1:1. The population included in these 
zones constituted 46 per cent of the population of the Indian Union. Since the 
Madras unit was not ready at the time when the survey started, this zone had to be 
excluded from the survey. Even so the six zones included in the survey covered 40 
per cent of the population of the Union. The location of these zones is shown in 


Map. 1 
(c) POPULATION GROUPS TO BE INCLUDED 


It was apparent from the outset that the present survey could not be expected 
to provide estimates of morbidity on a national basis. As stated above, only 
persons living in six zones could be taken up for the survey and at best, therefore, 
the survey could provide estimates only for the population of these zones. Specific 
population groups from each zone for which estimates of morbidity were required 
had also to be considered. Although zonal estimates would have been of interest, 
it was felt that differences in morbidity patterns, which could be used to understand 
the extent to which the disease is spread over the epidemiologically important 
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TABLE 1-1 


Zones selected for survey 


pee a ae 


é Population 
Name of zone Areas included (1951 Census) 


Cas a le 


| 
Calcutta Districts of West Bengal* south of the 
River Ganga and the districts of 
Mayurbhanj, Balasore and Keonjhar of 
Orissa State. 23,844,000 


Delhi Punjab, Pepsu and Delhi and districts of 
Saharanpur, Muzaffarnagar, Meerut, 
Bulandshahr, Aligarh and Mathura of 


Uttar Pradesh. 28,691,000 
Hyderabad Hyderabad State, and districts of Sholapur, 
Bijapur, Belgaum, Dharwar and 
Kanara of Bombay State. 25,377,000 
Madanapalle Districts of Andhra State south of River 
Krishna, Mysore State and North Arcot 
district of Madras State. 23,148,000 
Madras Madras State, excluding the districts of 
North Arcot, South Kanara, Malabar, 
Nilgiris and Tinnevelly. 23,610,000 
Patna Districts of Bihar State south of the River 21,554,000 
é Ganga. (approximate) 
Trivandrum Travancore-Cochin, Coorg, and districts of 18,775,000 
South Kanara, Malabar, Nilgiris, | 
Tinnevelly of Madras State. | 


*States referred to are those prior to re-organisation. 


cross-sections of the population such as urban or rural, were of even greater 
importance. Such information it was thought could be utilised for understanding the 
magnitude of the problem on a national basis, though the survey had to be restricted 
to afew zones. Hence the survey was designed primarily to estimate morbidity in 
certain cross-sections of the population, viz., urban, semi-urban and rural. Differences 
in morbidity according to age ard sex were also considered of importance. 

| Within each zone, it was decided therefore to confine attention to the popula- 
tions living in (1) the largest city, (2) medium-sized towns—(population between 
10,000 to 50,000) and (3) villages (population less than 5,000), the data of the 1951 
census being used for this purpose. The population data for these groups are shown 
in Table 1:2, .The three cross-sections included in the survey covered 80 to 90 
per cent of the total population of a zone, the only exception being Trivandrum 


MAP 1: | 
SAMPLE SURVEY ON TUBERCULOSIS IN INDIA (1955-58, 
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zone where the proportion included was only 62 per cent. The lower figure for the 
Trivandrum zone was due to the relatively higher proportion of the population 
living in small towns of sizes between 5,000 and 10,000. 


TABLE 1:2 


Population in the city, medium-sized towns and villages in each zone. 


Population (1951 Census) Total popu-| Percentage 
an EN ee ea: lation of the| of popula- 


Zone ot é zone (1951 | tion includ- 
Largest _Medium- Villages Total Census) ed from 
city sized towns. the zone. 


(1) (2) (3) | (4) (5) - (6) (7) 


Calcutta 2,549,000 1,276,000 | 17,379,000 | 21,204,000 | 23,844,000 89 
Delhi 1,191,000 1,752,000 | 20,138,000 23,081,000 28,691,000 80 
Hyderabad 1,086,000 1,505,000 | 19,874,000 | 22,465,000 | 25,377,000 89 
Madanapalle 779,000 1,805,000 | 17,837,000 | 20,421,000 | 23,148,000 88 
Patna 283,000 655,000 | 16,883,000 | 17,821,000 | 21,554,000 83 
Trivandrum 187,000 1,355,000 | 10,005,000 | 11,547,000 | 18,775,000 62 


(d) OTHER CONSIDERATIONS 


Two other considerations restricting the selection of groups to be surveyed 
had to be taken into account. One of these related to the exclusion of children 
under five years of age because of the difficulties of x-raying them in a standing 
position. The other related to the exclusion of “inaccessible” areas. It was not 
considered advisable to include rural populations living in places within half a mile 
of which the x-ray van could not be taken. Such villages were called “inaccessible”. 
In urban areas, the x-ray van had to be taken still closer if the public had to co- 
operate in the survey. In some congested parts of the cities it was not possible to 
park the van within a reasonable distance from the areas selected for survey. These 
were also designated as “inaccessible” and could not be surveyed at the first 
instance. Arrangements were subsequently made to use portable x-ray units to 
survey at least some of these inaccessible areas. A\ll the inaccessible areas in the 
cities have since been surveyed and the findings in these areas are included in this 
report. Those for inaccessible villages have been left out as the survey of such 
villages was still in progress at the time of writing this report. | 


CHAPTER II 


PLAN OF SURVEY 


(a) SAMPLING PROCEDURE 


THE accuracy with which estimates are obtained from a sample survey will 
depend on the size of the sample and the sampling procedure adopted. In the 
present survey which was the first of its kind in India the sampling procedure had 
to be kept extremely simple. It was also realised that as errors arising from the 
limitations of diagnostic techniques feasible under large scale field conditions would 
be considerable, it was not desirable either to aim at a low sampling error or adopt 
complicated sampling procedures to increase the efficiency of sampling. A coefficient 
of variation of 15 per cent for the estimates of morbidity in the three cross-sections 
of the population viz. village, medium-sized town and city within each zone was 
considered adequate for purposes of the present survey and in the absence of 
sufficient data on sampling variations, the sample size necessary for providing this / 
desired level of accuracy was determined approximately. 

The size of sample and the sampling procedure decided upon were as 
follows : 

Cities.—The largest city of each zone was to be divided into blocks each 
containing about 800 to 1000 persons. About 30 to 40 blocks were to be selected at 
random for survey, the number of blocks chosen from a city being larger if the 
average population of the block was smaller. 

Medium-sized towns.—Towns with populations 10,000 and above but below 
50,000 were to be divided into two strata viz. (i) towns with populations of 10,000 
and above but below 20,000 and (ii) towns with populations of 20,000 and above but 
below 50,000. : 

Four towns from the first stratum and two towns from the second were to be 
selected at random. Each town so selected was to be divided into blocks, each block 
containing between 500 to 750 persons. Ten per cent of the blocks from each 
selected town was to be chosen at random. 

Villages.—In regard to the villages the decision as mentioned earlier was to 
leave out the inaccessible villages and to include for survey only those within half a 
mile of which the mass x-ray unit could be taken. As a list of accessible villages 
was not available, the following procedure was adopted which led to the selection of 
about 30 accessible villages from each zone according to a scheme of stratified 
proportionate random sampling. 

Villages in each zone were stratified into three groups according to their 
populations in the 1951 census viz., (i) below 500 (ii) 500 and above but below 2,000 
and (iii) 2,000 and above but below 5,000. At the first instance 120 villages were 
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selected at random, the number selected from each of the above strata being propor- 
tionate to the total number of villages in them. The accessibility of these villages 
had to be ascertained preferably by actual field visits. From among the accessible 
villages in each stratum, a constant proportion was drawn randomly, this proportion 
being so adjusted as to give a selection of 30 villages from the entire zone. If the 
number of accessible villages among the 120 was below 30, a further sample of 80 
villages was selected in the same manner as the original 120. Thirty accessible 
villages were to be selected from the accessible villages among the 200 (i.e. the 
original 120 plus the additional 80) adopting a procedure similar to that followed 
when only 120 villages had been selected. 

All persons ordinarily residing in the blocks or villages so selected and aged 5 
years and above were to be x-rayed. Such persons would henceforth be referred to 
as those eligible for x-ray. 

It will be noticed from the above that the ultimate sampling unit was the 
eligible population in an entire block in the case of cities and towns, and in an 
entire village in rural areas. These units were considered desirable not only 
from the point of view of sampling efficiency but also to facilitate field work. 
There was less likelihood of suspicion and antagonism, particularly in the rural areas, 
if the entire population living within an area was selected for survey than if only a 
few households from it were included. 


(b) FIELD PROCEDURE FOR X-RAY 


The field operations consisted of — 

(1) marking out the block or village selected for survey ; 

(ii) listing of the population in the selected block or village by means of a 

Household Schedule ; and 
(ii) preparation of x-ray cards for those eligible for x-ray and x-ray operation. 

In order to ensure uniformity, detailed instructions in regard to these opera- 
tions were provided to the field staff through a Manual which is given as Appendix 
1-A to this report. The salient points of these opetations are given below : 

(i) Marking out blocks or villages selected for suvrey : Blocks.—While the Central 
Officg selected the towns and cities to be included in the sample, the selection of 
actual blocks to be surveyed within them had to be done in the field. In many of the 
cities and towns selected for survey information regarding the blocks into which they 
were divided for the 1951 census was expected to be locally available. As each of 
these blocks normally contained about 600 persons at the time of the 1951 census, 
it was thought that they could readily be used for sampling of blocks in the selected 
towns and cities. 

Villages.—The village boundaries as used for the 1951 census were those 
applicable for administrative and revenue purposes and would cover not only the 
main village but also any hamlets attached to it. The village headman could usually 
give these boundaries and help in their identification, Except in the Trivandrum 
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zone, villages are usually compact and the marking out of their boundaries was not 
expected to take much time. 

(11) Listing of population.—The entire population residing in a block or village 
at the time of the survey had to be listed by means of a Household Schedule. A 
household for this purpose was defined as “‘a group of persons normally living 
together (in a dwelling unit) and having a common cooking arrangement”. The 
Schedule contained information on (1) identifying particulars of the household and 
(2) sex, age etc. for every individual in the household. Against every name 
space was provided for recording the x-ray number, at the time of x-ray and in case 
a person was not x-rayed, the reasons for the same. In order to provide a rough 
indication of the economic status of the household, information regarding type of 
house was also to be entered in the Schedule under the three headings—hut, kutcha 
house and pucca house. In addition, the Schedule was designed to obtain infor- 
mation about tuberculous patients who were away from home in hospitals and 
sanatoria. 

(iii) Preparation of x-ray card.—An x-ray card had to be filled for every 
person eligible for x-ray. This card carried information on the name, sex, age etc. 
of the individual. Space was provided in it for recording the x-ray number, which 
could be automatically photographed in the x-ray film and for recording radiologi- 
cal and bacteriological findings. Although there was a separate card for each indi- 
vidual, the cards for all the members of a household were to be kept together as 
members of a household generally came together for x-ray. 


(c) PROCEDURE FOR READING OF X-RAY FILMS 


- (i) Dual readings.—As repeated bacteriological examinations were not possi- 
ble in this survey, the interpretation of the x-ray films was'a crucial factor in esti- 
mating the prevalence of the disease. The procedure adopted had to ensure that 
the errors in final diagnosis as made from the x-ray films would not be appreciable. 
That a single reading of the film could introduce large errors had been demons- 
trated in a number of studies (Yerushalmy, 1947) and in our test readings. These 
errors are of two types, viz. 

(1) omission of ‘true positives’, i.e. tuberculous cases being diagnosed as 

non-tuberculous, and 

(2) inclusion of ‘false positives’, i.e. non-tuberculous cases being diagnosed 

tuberculous. . 

The first of these viz. omission of ‘true positives’ could be progressively 
reduced by increasing the number of readers who would independently read each 
x-ray film and accepting as positives all cases marked out as tuberculous. The 
number of ‘false positives’ would also be increased by increasing the number of 
readers and following the above procedure. The question was to determine the 
number of independent readers to be used in the present survey. Using the 
estimates of the frequency of the two types of errors observed in other studies, it 
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appeared that the use of more than two independent readers was likely to result in 
the inclusion of progressively larger number of “false positives’ without any 
appreciable diminution in the number of “true positives’ missed. From the practi- 
cal point of view also it was not possible to consider using more than two indepen- 
dent readers. wes? | : 
The large number of ‘‘false positives” which would be included by accepting 
the positive findings of both of the readers could be removed to a considerable 
extent with the help of a third interpretation of the films. The exact manner in 
which the third- reading should be used for this purpose was to be developed 
later on when the results of the dual readings could be submitted to trial investi- 
gations. The results of such experiments and the final procedure adopted for 
using the third reading are discussed in Chapter IV. 


(ii) X-ray code.—Each reader was required to read the films according to an 
x-ray code with four main headings namely : - 

(I) Type of pathology; © 

(II) Cavity; 

(III) Impression regarding aetiology ; and 
(IV) Calcification. 

The first two groups would provide an objective and descriptive recording of 
the pathological findings without considering whether the pathology was of tuber- 
culous origin or not. Group (III) was intended to give the impression of the 
reader, from the film, about the nature of pathology—whether tuberculous or not 
and the extent of activity, if tuberculous. Group (IV) was to record the absence 
or presence of calcification in the lung. 7 

The details of the classifications under each group are given below : 


I. Type or PaTHoLocy 


Apparently normal. 

Minimal parenchymal lesions. 

Moderate Parenchymal lesions. 
Extensive Parenchymal lesions. 

Lobar pneumonia. 

Atelectasis. 

Fibrotic scar in lung. 

Hilar adenitis. 

Pleural scar. 

10. Pleural effusion, small. 

11. Pleural effusion, moderate or extensive. 
12. Pneumothorax/Hydropneumothorax. 
13. Cardio-vascular pathology. 

14, Operated (Thoracoplasty, lung resection, etc.). 
15. Special pathology. 

16. Technical error, 
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II. .Caviry 


In every case with lung pathology an entry regarding cavity was to be made 
under one of the three headings, ‘‘present’’, ‘‘doubtful” or “‘not seen’. 


III. ImpRESSION REGARDING AETIOLOGY 


The classifications under aetiology were defined as follows: 

(A) Probably non-tuberculous.—Cases of suspected lung abscess, non-tubers- 
culous pneumonia, bronchiectasis, congestion, tumours, hydatid cysts, cystic lung 
or any other non-tuberculous condition. 

(B) Probably tuberculous but inactive. ees probably due to tuberculosis but 
which are not likely to excrete bacilli. - 

(C) Probably tuberculous possibly active.—Cases of tubers nature which 
may or may not excrete bacilli. 

(D) Probably tuberculous and active. —Cases which most probably excrete tubercle 
bacilli. 

(E) Undecided.— Atypical cases, or ane cases which could oe ally well be 
caused by tuberculosis or by some other disease ; in short, such cases where the 
reader would refrain from committing himself to any special aetiology at that stage. 


IV. CaLciFfICATION 


Presence or absence of definite calcified foci in the lung parenchyma or pleuta, 
irrespective of whether any other pathology is present or not, was to be noted. 

Detailed instructions for reading of x-ray films according to the above code 
were given in a Manual (Appendix 1-B). 

It would be observed from the classification under aetiology that groups “C” 
and ‘‘D”’ were together intended to include all tuberculous conditions which were 
probably or definitely “‘active’. These two groups were therefore particularly 
important for providing a measure of disease prevalence in the population x-rayed. 
The method used for supplementing the aetiological findings with those of bacterio- 
logy in order to obtain estimates of disease prevalence is discussed in Chapter IV. 


(d) PROCEDURE FOR BACTERIOLOGICAL EXAMINATION 


Bactetiological examination was to be carried ott in all cases which were 
considered by one or both of the two local readers as showing evidence of any type 
of pathology (not necessarily tuberculous) in the x-ray film. This liberal inclusion 
for bacteriological examination was intended to reduce errors of type (1), in the 
reading of x-rays, referred to earlier viz., omission of true positives. 

In view of the practical difficulty of making repeated visits to widely scattered 
areas the bacteriological examinations were to be based on material that could be 
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collected during one field visit. This consisted of : 

1. Sputum (2 slides) for direct smear examination. 

2, Sputum (2 tubes) for culture examination. 

3. Laryngeal swab (2 tubes) for culture examination. 

The centres were instructed to collect these specimens as soon as possible, 
after the x-ray work was over. 

Except for the direct smear examination for which slides were made in the 
field laboratory, other examinations were to be carried out in the headquarters 
laboratory. In particular it was emphasised that inoculation of culture should be 
done indoors under the best conditions possible. Also the specimens were to be 
transported with great speed to headquarters for processing and examination. 
These precautions were taken to prevent contamination. 

Details of the bacteriological procedure are given in the Manual prepared for 
the purpose (Appendix 1-C). Results of bacteriological examination, as soon as 
available, were to be entered in detail in the space provided in the x-ray cards. 


CHAPTER Ill 
FIELD WORK 
(a) FIELD STAFF 


_ The six centres entrusted with the survey in the various zones had already 
some staff which was doing similar work on a smaller scale. With this as nucleus, 
a team was built up at each centre to carry out the survey in the zone allotted to it. 
Newly recruited personnel were given training before they were sent to the field. 
The composition of an average team was as follows : 


Medical Officer (Leader of the Team) ei 1 
X-ray technicians see 2 
Bacteriologist or Senior Laboratory technician Res 1 
Laboratory attendant oan 1 
Enumerators wee 5 
Drivers 3 nen 4 
General assistants 4 
Cook ] 


making a strength of nineteen members. 


Apart from this regular staff local authorities made available the services of 
some of their public health workers for help in the survey in their respective areas, 
In some places it was found necessary toemploy, on a purely temporary basis, a 
female worker to help the women coming for x-ray to stand in the correct position 
required for x-raying. 


(b) FIELD OPERATIONS 


The actual survey work was preceded by a preliminaty visit either by the 
leader of the team or a senior officer of the centre, often with State and local health 
officials, to the atea proposed to be covered. At this visit the purpose of the survey 
was explained to influential persons in the area and their co-operation sought: 
Arrangements for the camping of the field staff wete also made. 

For the survey proper, the field unit was broken up into three teams—(i) the 
€ensus team, (ii) the main x-ray team, (iii) the laboratory team, each visiting the 
area in that order. 

(i) Work of census and x-ray teams.—The census team consisting of 4 or & 
enumerators and a general assistant reached the area 3 or 4 days in advance of the 
main x-ray team. With the help of the local administrative and public health staff 


they demarcated the area to be surveyed, numbered the houses (where this was not 
15 
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already done) and completed the census. While enumerating the population they 
also informed the persons eligible for x-ray where and when they were expected to 
come for x-ray. A duplicate copy of the Household Schedule was also handed over 
to a responsible member of the household to facilitate identification of the individuals 
when they came for x-ray. 


By the time the main x-ray team arrived the census would have been com- 
pleted and x-ray cards for all those eligible made out by copying relevant informa- 
tion from the Household Schedule. Part of the census team stayed on to help the 
x-ray team in the survey work while the other part of the team was sent to the next 
area to start census there without loss of time. 

Each person coming for x-ray was given his x-ray card after establishing his 
identity with the help of the duplicate Household Schedule. The x-ray number 
was stamped on this card as well as in the space provided for this purpose, against 
the name of the person in the register of Household Schedules. The x-ray cards 
were issued in such a manner that the number of persons waiting to be x-rayed at 
any time was of a manageable size. This was done to ensure that the x-rays were 
taken in the serial order corresponding to the x-ray numbers and to avoid any loss 
of cards or their exchange among the persons in the group. It was made known 
that persons living outside the selected area but desirous of getting x-rayed 
out of curiosity or need could also get x-rayed separately, free of charge, without 
being included in the survey programme. This was done to create goodwill among 
the local population as well as to avoid possibilities of impersonation. 


(ii) Hours of work.—X-ray sessions were held at hours most convenient to the 
local population. In most places the team had to start work as early as 5 a.m. and 
the night sessions sometimes went on till near-midnight. Women and children 
were usually available during the day but for working men, specially in villages, the 
only hours of comparative leisure were in the early morning or late at night. 


(iii) Public response.—At the first few sessions the attendance was high enough 
to keep the machines busy, nearly 70 per cent getting themselves x-rayed rather 
readily. It was usually the last 10 or 15 per cent that offered most resistance. Con- 
siderable effort had to be put in for persuading them to come for x-ray. Besides 
taking the help of influential persons in the locality the situation demanded a good 
deal of tact and patience on the part of almost all members of the team, particularly 
the leader of the team. Asa result of their persistent efforts, all but a very small 
proportion of those physically present in the area have been x-rayed in most places. 
In general the response of the public was better in the villages than in the towns 
and cities. "The average number of persons x-rayed per working day varied between 
100 and 250 in the various zones. There were instances when over 400 persons 
were x-rayed in one day and others when a whole day was spent in getting only a 
handful of the unwilling ones to come for x-ray. 


(iv) Reading of x-rays and selection of cases for bacteriological examination.— 
X-ray films were generally-developed in the field to enable the medical officer who 
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was also one of the local readers (except in one zone) to read them and pick out 
cases needing bacteriological examination. At short intervals the films were sent 
through a messenger to the zonal headquarters for the second local reading. After 
both local readers had given their readings, lists showing the cases needing bacterio- 
logy were handed over to the laboratory team. 

(v) Work of laboratory team. The laboratory team, consisting of the bacterio- 
logist and an attendant, visited the area as scon as they obtained lists of persons 
needing bacteriological examination. They carried with them all material neces- 
sary for the purpose, including sterilised sputum cups, slides, chemicals, etc. On 
the first day they distributed sputum cups to persons who were to be bacteriologi- 
cally examined asking them to collect a day’s sputum in the cup and present it 
personally the next morning at an appointed place. When the person brought his 
sputum, the required number of laryngeal swabs were also taken from him. 
Direct smear slides were made on the spot and the material collected was imme- 
diately taken back to the headquarters laboratory for processing and examination. 
Unlike the x-ray team, the laboratory team had to visit headquarters after complet- 
ing each area to avoid contamination in the specimens. Details of the bacterio- 
logical examinations done and the procedures followed are given in Chapter V of 
this report. In most areas it was possible to complete the bacterio aes exami- 
nation within a month of the x-ray. 

The general pattern of field work described above had to be varied slightly 
from zone to zone and area to area to suit local conditions. But in all zones the field 
work has been completed under exacting conditions. The full team consisting of 
about 20 workers had to camp out for days together or spend considerable time in 
travelling from one village or town to another. They had tocome across varying 
types of people with widely differing objections to the survey and persuade them to 
come for x-ray. Some interesting field experiences are given in Appendix 5. 


(c) TIME SCHEDULE 


Due to various reasons the survey in all zones could not be started simul- 
taneously. Some centres which had previous experience of this type of work 
could make an early start but others had problems of equipment and personnel. 
and were rather late to start work in the field. Table 3-1 gives details of the time 
schedule of the x-ray survey in different zones. 

The timing of the survey in the different areas within each zone was left to 
the discretion of the local team. Most centres preferred to complete the towns 
and villages before they took up the survey in the city. This was partly because 
it was felt that the survey in the villages and towns would prove easier than in the 
city. The timing of the survey in the villages and towns had also to be adjusted 
to seasonal factors specially because many roads became impassable for the x-ray 
van during the rainy season. Villages and towns within the same area were survey- 
ed before the team moved to a different area. As can be seen from Table 3°] 
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work had occasionally to be suspended. The major reason for stoppage of work 
was breakdown in the x-ray equipment except in the Delhi zone where floods held 
up the progress of work for nearly three months. 


(d) COVERAGE OF AREAS IN DIFFERENT ZONES 


Except Calcutta, all other centres found it possible to complete the survey in 
the three types of areas assigned to them, viz., villages, towns and city. The 
geographical distributions of villages, towns and city surveyed in these five zones are 
given in the maps Nos. 2 to6. In the Calcutta zone, due to special difficulties, it was 
not possible to complete the work in all the villages and towns. For purposes of this 
report, therefore, Calcutta zone includes only Calcutta city. The location of the 
blocks surveyed in each of the six cities included is given in the maps Nos. 7 to 12. 
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CHAPTER IV 


READING OF X-RAY FILMS AND ESTIMATION OF THE 
NUMBER OF TUBERCULOSIS CASES 


(a) VARIATION BETWEEN LOCAL READERS 


The design of the survey called for independent readings of the films in each 
zone by two local readers. Each of them had classified the films into normals and 
abnormals, the latter group including not only definite or doubtful cases of tuber- 
culous pathology but also those with evidence of non-tuberculous conditions and 
even mere calcification. The percentages of films classified as abnormal by the local 
readers in each zone are presented in Table 4:1. Wide variations were found in the 
percentage of films marked ‘abnormal’ by the two local readers. In addition it will 
be seen from Table 4:2 that there were considerable variations between the local 
readers in marking out the radiologically positives i.e., those classified as ‘C’ or 
‘D’ under aetiology code on page 13 (Chapter II). Such variations in the read- 
ing of x-ray films have been recorded in many other studies (Yerushalmy 1947, 
Groth-Peterson et al. 1952, Newell et al. 1954, Holm et al. 1954). These varia- 
tions not only complicate the estimation of the morbidity rate for any one zone, 
but create difficulties in making inter-zonal comparisons of disease prevalence. An 
attempt was made to overcome these difficulties by using ‘central readers’. 


TABLE 4:1 


Variations in the percentage of films classified as ‘abnormal’ by the local 
readers in the different zones 


Zones 
Calcutta Delhi Hydera- | Madana- | Patna Trivan- 
bad palle drum 
Total number of films read 26,614 59,070 62,860 48,563 38,670 63,060 
Number classified as abnormal by : 
Ist local der 913 5,966 9,648 3,419 3,553 2,472 
oo Se 110s | aiz47 | 97322 | 15542 | 1,458 | 5,793 
ne h of the local 
a ee a 1,367 6,748 10,693 3,881 3,941 6,074 
Percentage of abnormals by : 
(a) 1st local reader 304 10+) 15-3 70 9-2 3-9 
(b) 2nd local reader > cis 4c] 8-0 148 3-2 3-8 92 
t oca 
ye we a 8 : 5el 11-4 17-0 8-0 10-2 9-6 
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TABLe 4:2 


Variations in the percentage of films classified as ‘Radiologically Positive’ 
(‘C’ or ‘D’) by the local readers in the different zones. 


ee 


Zones 
Calcutta Delhi Hydera- | Madana- | Patna Trivan- 
; bad palle | drum 


Total number of films read 26,614 59,070 62,860 48,563 38,670 63,060 


Number classified as 
‘Cf or Dye 


332 988 5,406 863 403 814 

tb) and faced eee zoe | 1,018 | 5,814 | 441 | 229 | 985 
he local 

oe Bas net eee 526 1,301 6,128 989 434 1,059 


Percentage of ‘C’ or ‘D’ by : 


e e e Py 1-3 

(a) Ist local reader 1-2 1-7 8-6 1-8 1-0 

(b) 2nd local Sines Laer 105 1e7 92 0-9 0-6 1°6 
the loca 

phi > | a or | 25 | i 


(b) UsE OF CENTRAL READERS 


(i) Procedure suggested by some workers in other countries.—Yerushalmy (1956) 
has discussed the advantage of using multiple readings for radiological diagnosis. 
If, for instance, a second independent reading of each film was taken, the group of 
films classified as radiologically positive by at least one of the two readers will 
include a much larger proportion of ‘true fositives’ than the group of films classi- 
fied as radiologically positive by any one reader. At the same time the former 
group will include a larger number of ‘false positives’ than the latter. The use of 
multiple readers, therefore, provides a method of obtaining a group which contains 
a high proportion of the ‘true positives’, but to be of real value it is necessary to 
devise a procedure by which most of the ‘false positives’ in this group could be 
rejected. For this purpose it has been suggested that all the films in this group 
which were interpreted as positive by one reader and negative by the other should 
be submitted to a third interpretation and that this third reading should be done 
with the knowledge that the first two diagnoses were in disagreement (Yerushalmy 
1956). | “ 

(11) Need for investigations to evolve procedures to suit the present survey.—In this 
survey, the films from each zone had been read by two local readers. Although 


these readers had read the films independently, they were usually persons working 
closely at the same centre. Some similarity in the manner in which they read films 
was therefore to be expected. Whether in these circumstances a third reading by 
the central reader of only these films on which there was disagreement between the 
local readers would yield satisfactory results required consideration. It was also 
realised that the alternative of submitting all the films for a third reading by the 
central readers would prove impracticable because of the heavy work involved. 
Special investigations were therefore undertaken with a view to evolve a satisfactory 


procedure in regard to third reading by the central readers and using these in the 
final radiological diagnosis. 


(111) First Investigation: Independent reading by central readers.—The submission 
of all films to the central readers could with advantage be avoided if by using the 
readings of the local readers a smaller group could be selected for reference which 
would contain most of the ‘true positives’. It was thought that by taking all the 
films marked ‘abnormal’ by one or other of the local readers, an effective screening 
of the ‘true positives’ could be made. To investigate this point about 2,000 films 
in rolls selected randomly from each zone were given to each of three central readers 
for independent interpretation. It will be seen from the data presented in Table 
4-3 that 109 out of 33,985 (i.e. 3°2 per 1000) films marked normal by both the local 
readers were classified by the central readers as ‘C’ or ‘D’, which as stated earlier 
formed the major component in the estimation of the morbidity rate. Not all the 
films thus classified were likely to be ‘true positives’ as the central readers might 
have wrongly classified some of the films as ‘positive’. In the absence of follow- 
up or more detailed investigations it was not possible to say precisely as to what 
proportion of them was truly positive. 


Some idea can be obtained from the following considerations. In the group 
of 35,911 films submitted to the central readers 33,985 had been marked as ‘normal’ 
by both local readers and the remaining 1,926 as ‘abnormal’ by one or both of 
them. In accordance with the design of the survey bacteriological examinations 
had been made in these 1,926 cases. These bacteriological findings provide some 
basis for the assessment required. 


In the 1,926 cases there were 159 which had been classified as other than ‘C’ 
or ‘D’ by both local readers but as ‘C’ or ‘D’ by the central reader. Of these 159, 
only 4 were bacteriologically positive. The number of true positives among 
159 can be reasonably assumed to be ten times* the number established as bacterio- 
logically positive i.e. 40. The ‘true positives’ work out to 25 per cent in this group 
of films classified as ‘C’ or ‘D’ by the central reader. 


* The ratio of one in ten assumed for asymptomatic cases of tuberculosis established as positive 


in one bacteriological examination appeared justified both in the light of data obtained in the present 
survey as well as of experience of tuberculosis workers in India. 
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The ‘true positives’ in the 109 cases marked ‘C’ or ‘D’ by the central reader 
but as ‘normal’ by both the local readers should normally be expected to be less 
than the 25 per cent noted for the above group of 159 cases i.e. 27 at the most. 


TABLE 4°3 


Percentage of films classified as ‘C’ or ‘D’ by central readers among normals 
as given by both local readers. 


( from sample used in the first investigation) 


Ese aaaaaaaaaaaaaaaaamaaamaaaaaaaaaaaaaa 


Zones 


—— eer Gee 


| Calcutta Delhi Hydera- Madana-) Patna | Trivan- Total 
| bad | palle | | drum | 
. ae 
/ ) | | | ) 
Number of films in sample. 5567 6146 4913 | 6021 | 6530 6734 | 35,912 
Number marked normal by | ) | | 
both local readers. | 5282 | 9699 4626 | 5707 | 6233 | 6438 | 33.985 
: : t 
. : 
Number marked ‘C’ or ‘D’ by | | 
central readers in films | | . 
marked normal by both ) . 
local readers. 19 | 12 | 21 | ws 17 33 | 109 
; 
Number marked (’ or ‘D’ by | | | | 
central readers per 1000 | ) | 
films marked normal by | / ) | 
both local readers. 3-6 | 2-0 4-6 1:3 9.7 | 5.) 3.9 
; ' t : ns 
} f 


——_——— —— —eeeeeseseseseFe 
Assuming a true morbidity rate of 2 per cent.in the community, 718 cases of 
tuberculosis may be expected in the 35,911 films referred to the central readers. If 
instead of submitting all the films only those classified as ‘abnormal’ by at least one 
of the local readers had been submitted for central reading, only 27 out of the 718 
cases (or 3°8 per cent) would have been lost. It may therefore be concluded that 
a satisfactory screening of ‘true positives’ could be effected by selecting films which 
were classified ‘abnormal’ by one or both the local readers, inasmuch as they 
were likely to include 96 per cent of the ‘true positives’. j 


(iv) Second investigation : Dependent readings by central readers of films classi- 
fied as abnormal by one or both local readers.—In the group of films ‘screened’ as 
suggested above, the main problem would be to pick out those which are truly 
positive. How far this could be done by one reading of these films by a central 
reader with full knowledge of the readings by the local readers was investigated. 


Six central readers were each given about 2,000 films in rolls drawn randomly from 
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each of six zones, along with the detailed readings of each film classified as 
abnormal by at least one of the local readers. They were asked to read all these 
‘abnormals’, and mark them according to their own judgement after taking into 
account the entries made by the local 1eaders. In discussing the results of this 
investigation, films classified as ‘C’ or ‘D’ under aetiology would be called radio- 
logically positive and the remaining films (classified as other than ‘C’ or ‘D’) 
‘radiologically negative’. 

The percentage of films which each central reader rejected as radiologically 
negative out of those marked as radiologically positive by one or both of the local 
readers are shown in Table 4:4. On an average the central readers rejected 32 to 
49 per cent of such films It would further be seen from the data in Table 4:5 
that the percentages of rejections were much higher in cases which were marked 
‘C’ or ‘D’ by one of the local readers only as compared to that in cases 
marked as ‘C’ or ‘D’ by both of them. Inasmuch as the central readers had 
all the details for such films recorded by the local reader, it may be presumed, 
prima facie, that most of such rejections were of the ‘false positives’ of the local 
readers. aes 


TABLE 4:4 


Percentage ‘rejected’ by each central reader* out of the films classified as 
‘C’ or ‘D’ by one or both of the local readers, by zones. 


(from sample used in the second investigation) 


Zones — 


Sees ae ‘2 on ae aa: ig All zones 
peaeee alcut Delhi Hyderabad | Madana- Patna |Trivandrum 
- ~~ palle 
| | | | 3 | 
Ry | 60-6 "| 421° | 8604 48-0 154 | BOB 48-6 
Resa eee 35-9 | 7606 35+0 2.9 | B24 | BB 
gee | 33-3 820 | 3808 | 346 | 45:2 - | 44-0 
Ro |. aeons | 41-7 | Oded 10-3 pee 2240 3149 
) | | | 
R; 53-6 30-0 | 752 561 23-8 : 3207 | 462 
. 
R, 4203 . 22.0 1565 25-0 2661 | 4008 38-6 
All readers 43-0 3462 765 3462 19-4 354 4004 


| 


ee LL LL LLL LEE EL 


* The term ‘rejected by central readers denotes that whereas one or both of the local readers 
marked a film as ‘C’ or ‘D’ the central reader marked it otherwise. 
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TABLE 4°5 


Percentages ‘rejected’ by central readers* out of two groups of films—(a) classified 
as “C” or ‘D’ by both local readers and (b) classified as ‘C’ or ‘D’ by one 
: local reader only. 


(from sample used in the second investigation) 


Ls Zones 


Calcutta | Delhi | Hydera- |Madana-| Patna | Trivan- All 
bad palle drum zones 


| 
|. ee | 
; 
| 
: 


(a) Films classified as ‘C’ 
or ‘D’ by both local 


readers | 104 137 512 48 60 145 
Number ‘rejected” by | | 
central readers. 14 16 386 5 1 | 31 
| vom 
Percentage ‘rejected’ | 13+5 | 11-7 7504 | 1004 1-7 | 21-4 | 29.2 
' 
| | | | | 
{b) Films classified as ‘c? | . ) | 
or ‘D’ by only one local | ; 
reader | 166 127 61 | 116 | 73 78 | 
| | | 
Number ‘rejected’ by | | ) 
central readers. _ 92 | 74 . 50 60 24 46 
| ; 
| | 
Percentage ‘rejected’ 55-4 | 
: 
\ 


58-3 82.0 | 51-7 | 32:9 | 590 57-1 
| 


* The term ‘rejected’ by central readers denotes that whereas one or both of the local readers 
marked a film as ‘C’ or ‘D’ the central reader marked it otherwise. 


This point could be investigated further as films marked abnormal by the 
local readers had been submitted to bacteriological examination and it was possible 
to correlate the film readings of the local and central readers with the bacteriologi- 
cal findings. Relevant data for all zones combined are given in Table 4:6. These 
show, aS may be expected, that the percentage bacteriologically positive was 
highest in films marked ‘C’ or ‘D’ by both the local readers as well as the central 
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TABLE 4:6, 
Percentage bacteriologically positive among groups of films, classified as ‘C’ 


or ‘D’, according to type and number of readers doing so. 
(from sample used in the second investigation) 


Group of films classified as Number of films a pace bacterio- : regs 
‘C’ or ‘D’ in the group ogically positive acterlologically 
in Col, (2) positive 
(1) ] (2) | (3) (4) 
I. By both the local readers and 
central reader. 553 133 24.1 
II. By one of the local readers and 
central reader. 267 24 9-0 
III. By central reader only. 276 15 504 
1V. By both the local readers but not 
by the central reader. / 453 7 | 1°5 
V. By one local reader but not by | 
central reader. 348 | 12 304 
: ole 
| 
Total 1897 191 10+] 


| 


reader (Group I) and was 24-1. The next highest percentage viz. 9-0, was found 
in Group II marked ‘C’ or ‘D’ by one of the local readers only and confirmed to be 
so by the central reader. In comparison, films marked ‘C’ or ‘D’ by both the 
local readers but not by the central reader (Group IV) gave a low percentage for 
bacteriologically positives viz., 1-5. As in both the latter groups, films were 
accepted by two readers out of the three (two local and one central) the difference 
in the percentages shows that acceptance was more dependable, if one of the two 
readers doing so was the central reader. Similarly, films classified by the central 
reader as ‘C’ or ‘D’ but not so by both the local readers (Group III) showed a higher 
percentage of bacteriologically positives, 5-4, than films classified as ‘C’ or ‘D’ by 
one of the local readers but not so by the central reader (Group V). Therefore, 
among films accepted by only one reader, greater reliance could be placed on 
those accepted by the central reader. Similarly, by comparing the percentage of 
films which proved bacteriologically positive in Groups II and V as well as in 
Groups I and IV, it appeared that films rejected by the central reader contained a 
much smaller proportion of ‘true positives’ than films accepted by him. As 
such, acceptance as well as rejection of films as ‘C’ or ‘D’ by the central reader 
with full knowledge of the classifications made by the two local readers appeared 
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to have definite usefulness in arriving at.a correct estimate of d’sease prevalence. 

(v) Procedure finally adopted.—The method by which the readings of the 
central reader could be used to finally classify the films as showing evidence 
of morbidity or not (i.e. whether or not they are ‘C’ or ‘D’), among those judged 
abnormal by one or both of the local readers, had to be considered. Three pro- 
cedures appeared possible : — 

I. to accept all films which were classified as ‘C’ or ‘D’ by any two of the 

| three readers viz. the two local and one central reader ; 
ll. to. accept all films which were classified as ‘C’ or ‘D’ by the central reader, 
irrespective of the readings of the local readers ; and 
III. to accept all films which were classified as ‘C’ or ‘D’ by both the local 
readers as well as all other films which were classified as ‘C’ or ‘D’ by the 
central reader. 

The relative merits of these three procedures were assessed by making use of 
the data in Table 4:6, and the following assumptions :— 

(1) The films classified as ‘C’ or ‘D’ by both the local readers as well as 

the central reader are all ‘true positives’, and 

(2) The number of ‘true positives’ in the other four groups viz. Groups II 

to Vin Table 4:6 would be.ten times* the number which were established 
as bacteriologically positive in these groups. 

The numbers of ‘true positives’ in the five groups as determined by these 
two assumptions are given in Table 4-7. This table also shows the numbers which 
would be classified as positive if the three procedures suggested above were used 
and how many of them would be ‘true positives’ and how many ‘false positives’. 
Considering the total number of films which would be classified as positive, it is 
seen that the second procedure gives a number (viz. 1,096) which is closest to 
the true value (viz. 1,138) while the first and third procedures give respectively 
1,273 and 1,549. The second procedure is therefore likely to lead to the estimation 
of morbidity rates which are closest to the actual and was preferred for our 
work. It may, however, be pointed out that of the three procedures, the third 
one will lead to the inclusion of the largest proportion of the ‘true positives’ (1,013 
out of 1,133) as compared with the othertwo. This. advantage of the third pro- 
cedure over the second is, however, lost because of the inclusion of a larger number 
of ‘false positives’ by this procedure. 


(c) RADIOLOGICAL DIAGNOSIS USING THIRD READING AND ITS ACCURACY 
The procedure finally decided upon in regard to radiological diagnosis was 
as follows :— 
(1) Films classified as ‘normal’ by both the local readers would be accepted 


as such without reference to the central reader ; and 


*See footnote on page 38. 
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(2) In regard to films classified as ‘abnormal’ by one or both of the local 
readers, only such of them which were marked ‘C’ or ‘D’ by the central 
reader would be taken as radiologically positive. 

The accuracy of diagnosis in using the above procedure can also be estimated 
from the results of the two investigations given above. By following (1), some of 
the ‘true positives’ will be missed. Their proportion has been estimated from 
the first investigation as 0:8 per 1,000 (27 out of 33,985) of the films read as ‘normal’ 
by both readers. Because of (2), some cases of ‘true positives’ will be missed while 
some ‘false positives’ will be included. Out of 7,023 films read as ‘abnormal’ by one 
or both readers, in the sample selected for the second investigation, it was estimated 
that by step (2), 943 ‘true positives’ and 153 ‘false positives’ were likely to be in- 
cluded as radiologically positive while 190 ‘true positives’ were likely to be consider- 
ed as negative. Hence instead of 1,133 which were assumed as _ radiologically 
positive only 1,096 were likely to be regarded as such, leading to an under-esti- 
mation of 37 positives. 

The above figures can be used to give an estimate of the overall error in’ 
~ radiological diagnosis. The 71,692 films in second investigation contained 64,669 
which had been regarded as normal by both the local readers and 7,023 which, as 
referred to above, were regarded as abnormal by one or both of them. By the 


central reader not being asked to read the normals roughly 64669 x or 52 


positives will be missed. From the ‘abnormal’ films, as stated above, the central 
reader would miss 37 out of the 1,133 expected. As such out of the total number of 


1,133 plus 52 1.e., 1,185 films which were likely to be positive, the procedure for 
radiological diagnosis suggested above would miss 52 plus 87 i.e. 89. The procedure 


would thus lead to an underestimation of the radiologically positives by as 100 
=17°5 per cent. 


In the above estimation of error, no account has been taken of the fact that the 
results of the bacteriological examination of the ‘abnormals’ were available and could 
be used to reduce the loss of ‘true positives’. The 190 ‘true positives’ which were 
estimated to have been missed by following step (2) of the procedure included 19 
which were established as bacteriologically positive (See Table 4:6). Taking this 
number into account the underestimation of radiologically positive cases is reduced 

(89 — 19) 


Tyee * 100 =5-9 per cent. 


(d) RepuCING THE WORK LOAD OF CENTRAL READERS 


Having decided on the procedure stated above for radiological diagnosis by the 
use of the third reading, the straight-forward procedure would be to submit all the 
abnormals for a third reading by central readers. In doing so, the division of the 
abnormals from each zone equally between the different central readers would have 


4] 


made zonal comparisons easier by averaging the personal bias in reading of the 
central readers. As in the course of the second investigation discussed earlier six 
central readers had together read on an average about 25 per cent of the abnormal 
films from each zone the question whether additional abnormal films had to 
be given for third reading had first to be considered. Statistical scrutiny showed that 
with the exception of the Hyderabad zone the number of abnormal films read by 
the central readers in connection with the second investigation was adequate enough 
to provide a sound basis for estimating the number of radiologically positives (i.e. 
‘C’ or ‘D’) that could be expected in each zone, without the central readers having 
to read all the abnormals from that zone. In this particular zone, a further sample 
was found necessary as the method of radiological reading by the local readers had 
undergone a marked change during the course of the Survey, and the original sample 
was not large enough to provide a proper basis for estimating the ‘C’ or ‘D’ cases 
prior to and after this change. This decision of not having further readings of films 
except in the Hyderabad zone, besides reducing the cost made it possible to take 
up the work of processing the data without delay. However, as the number of 
cases which would have been classified as ‘C’ or ‘D’ by the central readers had now 
to be estimated using correction factors derived from the sample used in the second 
investigation, it made the statistical task somewhat more complicated. The 
statistical procedure used for the estimation is discussed in the next section. 


(ec) EsTIMATION OF THE NUMBER OF TUBERCULOSIS CASES 


The general principle used in estimating the number of radiologically positive 
cases (i.e. ‘C’ and ‘D’ under aetiology) to be expected if all the abnormals had been 
given a third reading by a central reader was as follows : 3 
If ‘N’ be the total number of abnormals, 
‘n? the number of abnormals read by the central readers in the sample 
selected for second investigation, 
‘“*? the number of cases marked ‘C’ or ‘D’ by the central readers in the ‘n’ 
films read by them, and 
‘T’ the number of cases of ‘C’ or ‘D’ expected in the ‘N’ films if all of them 
were read by the central readers, 


then T= N <t; 
n 


In order to increase the accuracy of estimation, a number of groups was made 
of the abnormals and the number of cases of ‘C’ or ‘D’ to be expected in each group 
was first estimated. The total number expected in all the groups was obtained by 
adding the estimate for each of the groups composing it. The groupings were made 
taking into account the classification of aetiology by the local readers, as well as the 
results of bacteriological examination. The two classes according to aetiology were :- 

(1) ‘C’ or ‘D’ by one or both local readers, and 

(2) abnormals other than ‘C’ or ‘D’ by both local readers. 
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The four classes according to bacteriological examination were :— 

(1) Selected for bacteriology and found positive ; 

(2) Selected for bacteriology and found negative ; 

(3) Selected for bacteriology but bacteriology not done ; and 

(4) Not selected for bacteriology. 
| Of the eight groups obtained by cross-tabulating the two aetiology classes 
with the four according to bacteriological examination, only seven were possible as 
all the films marked ‘C’ or ‘D’ by the local readers were to be selected for bacterio- 
logical examination. Among the seven groups possible, the formula givenon page 41 
was applied to five; in the two groups relatingto ‘selected for bacteriology and found 
positive’, the principle adopted was to take all cases as tuberculous. The scheme 
used for the estimation of the total number of tuberculosis cases is shown on page 
43. 


(f) ADJUSTMENT FOR HOSPITALISED CASES 


The sample survey was designed to obtain prevalence rates for the population 
on a ‘resident’ basis. As such, ‘residents’ who were in tuberculosis hospitals or 
sanatoria had to to be separately considered. During the listing of population in 
each village or block, information regarding such persons was recorded in the 
Household Schedule. However, as their numbers were negligible it was not felt 
necessary to make any correction on this account to the estimates obtained from the 
method described in (e) above. Jt may further be added that the number of beds 
available in the country for tuberculous patients being comparatively few the 
number which would be missed by being admitted to a hospital would be extremely 
small. 


‘payeulijsa }OU pue eaTqisod Ajjestsojorsajoeq se paystiqeisa Jaquinu [enpy, 


Z ‘u 
“3X 2NT iat 24 tg | eo iia sia ASojorra}9eq IO} Paeyalas JON (AT) 
Su 4 2y a I IOy 
zs Kay seontl F x | payoajas ySnoy} ‘auop jou ASojorszazoeg (It) 
Sy : 
“Ix i: as L 54 Su °N datjesou A]PeoTSojOMa}Oeg (11) 
+L 3 ta ’N i saatpsod A]jeorsojorzayoeg (1) 
: SIgpeaI [edo] YIOg Io auO Aq .q, JO 
<> UY} 19Y4}0 sTeUlIOUGeE se PayIeUI SUIT °F 
oF = = — = ASo]o1II}0Neq IO} Pa}aas JON, (at) 
Su 
& (SRO —< 
+X NI Ni 84 Sy NI W 10J 
payoajas YSnoy} ‘auop jou ASojorapeg (tr) 
su 
Ba 8 8 
N ; u aN Saartqesou A]jeoIsoyorsia}oeg (11) 
RL i 4 tu ™N saarqisod Ayyeorsojorsayoerg (1) 
|  SIOPBII [RIO] 
| Precis Jo 3u0 Aq .q, JO .D, peyrew su “T 
| a] dures ae | 
dnois yoea ul ey} wor dnois ae ath the | epee be 
sased snojnozeqn} yore Ul sIapear speurouqe Wory eo dnorpy 
payewlyse Jo Jaquinny jemuao Aq .q, JO .5, ~~ Gnois yoea urzaqungn 


se payreur JaquinNy 
we SE TE SS ER oats ae SE a a Aa ne a Rae a Se sce Le a oS a 


Saspo snojnIzL2aqgny fo 4aquinu 2y} fo UOlPDUIYS2 BY 4of aUWIAYIO 


CHAPTER V y 
ESTIMATION OF THE NUMBER OF BACTERIOLOGICALLY 
POSITIVE CASES 


(a) PROCEDURE FOR BACTERIOLOGICAL EXAMINATION 


Tue plan of the survey called for the bacteriological examination of all persons 
whose x-ray pictures were considered to be abnormal by one or both of the local 
readers, the only exception being that films showing mere calcifications were not to 
be considered abnormal for this purpose. For all such persons specimens were to 
be collected for the following examinations :— 

_(1) Sputum for direct smear (2 slides) ; 

(2) Sputum for culture (2 tubes) ; 

(3) Laryngeal swab for culture (2 tubes). 


Smears from sputum were made in the field and stained. The slides were 
examined in the field by the bacteriologist or laboratory technician and again by 
another independent observer at the headquarters laboratory. Cultures were made 
in the improvised field laboratory using the oxalic acid sodium citrate neutralisation 
technique. Laryngeal swabs were also taken and any further material brought out 
at the time of taking swabs was also included for examination. The material collec- 
ted was packed in ice-boxes and transported to headquarters as early as possible to 
avoid deterioration. Incubation of cultures and further examinations were done at 
headquarters. Tf tubercle bacilli were found during any one of the three examina- 


tions, the person ‘was considere to be eriolo ntrres 
were mac made in Nis x-ra is x-ra ay car ao. es 


~ Some centres, in the are part of the survey, noticed a high contamination 
rate. It was suspected that solutions used in the tests, being stored and re-used 
under field conditions, were getting contaminated. This procedure was then altered 
by supplying sterile solutions in appropriate amounts in individual McCartney 


bottles—a set of bottles for each sample. This alteration brought down the con- 
tamination rate within normal limits. 


(b) VARIATION IN PROCEDURE BETWEEN ZONES 


The procedure described above has been generally followed by all centres, but 
the details of the culture technique as well as the media used differed somewhat 
from zone to zone. Two experienced bacteriologists were, therefore, deputed to 
appraise the actual procedures in different zones and to assess how far differences 


in these were likely to affect the final results. The data collected by them are 
44 
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summarised as follows :— 


(1) Collection of specimens.—(a) Laryngeal swabs were generally collected using 
the ‘blind’ technique, the only exception being Calcutta which followed the 
original technique of using head-lamps, laryngeal mirror and tongue depressor. 


(b) Sputum was collected at the time of visit in some centres, over-night 


sputum was used by some others and in one centre (Delhi) a mixture of both, in 
one bottle, was used. 


(c) In Trivandrum zone all the types of specimens required were not collected 
for a number of persons. 


(11) Smears.—Smears were made by swabs, platinum loops, sticks either split 
or not split at the ends. In sorne laboratories an attempt was made to select 
specific parts of the sputum for smear, whereas in others no such special attention 
was paid. 


Staining differed only in the counterstain used, the variations being, no 
counterstain at all, picric acid, Loeffler methylene blue, 0°5 per cent methylene blue 
and 1 per cent of methylene blue. 


(iii) Medium.—All centres except Trivandrum used Lowenstein-Jensen 
medium, modified with regard to the use of potato starch, either no potato being 
used as recommended by the International Union Against Tuberculosis (I.U.T.M.) 
or with raw potato extract. Trivandrum used Medlar-Sassano medium. With the 
exception of Trivandrum, the medium seemed satisfactory and generally gave good 
growth. 


(iv) Technique of culture.—(a) Laryngeal swabs. All the laboratories used the 

oxalic acid sodium citrate method, the only difference being that some sterilised the 
solutions in small quantities in the tubes or bottles to be uséd for the swabs, 
whereas others did it in somewhat larger quantities which were poured into tubes at 
the time of processing the swabs. 


(b) Sputum swabs.—All the laboratories used the technique as described above 
under ‘“‘laryngeal swabs”. One of the centres used only one swab for culture 
whereas all the others used two. 


- (v) Additional examinations.—All centres except Hyderabad carried out 
certain additional examinations. Delhi and Madanapalle centres used an additional 
sputum swab in the laboratory. Additional sputum examination after homogenising 
was done in Calcutta, Madanapalle, Patna and Trivandrum centres. Calcutta using 
several methods of homogenising, Madanapalle homogenising with 5 per cent 
H,SO,, Patna with 6 per cent H,SO, and Trivandrum with 4 per cent NaOH. 


(vi) Reading of cultures.—Test readings of cultures showed that those given 
by the laboratory workers were in agreement with those of the two bacteriologists 
who visited the different centres. | 
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(c) EFFECT OF VARIATIONS IN PROCEDURE BETWEEN ZONES ON THE 
PROPORTION OF BACTERIOLOGICALLY POSITIVES 


After careful consideration of the differences stated above, these bacteriologists 
came to the conclusion, that except for the Trivandrum zone, the procedures used 
at the different centres for the collection of specimens and processing were fairly 
comparable. They, however, observed that the use of a strong counter-stain might 
cause the loss of a few positives and lead to an underestimation of the bacterio- 
logically positives, while additional methods employed in some laboratories might 
have increased the percentage of positive findings by as much as 7 per cent. 


The singling out of the Trivandrum zone by the bacteriologists was also 
corroborated by an analysis of the data from the second investigation described in 
chapter IV. Relevant details of the percentage bacteriologically positive, among 
those classified as “‘C”’ or ‘‘D’’ by the central readers, are shown in Table 5:1. 
Whereas in other zones nearly 17 per cent of the cases classified as ‘C’ or ‘D’ by 
central readers were found positive by bacteriological examination, the correspond- 
ing figure for Trivandrum zone was only 8 per cent. 


TABLE 5-1 


Percentage of bacteriologically positives among those classified as ‘C’ or ‘D’ 
by central readers in the different zones. 
( from sample used in the second investigation) 


; Zones | 
Hydera~'Madana- Trivan- 
: Calcutta ; Delhi | bad | palle Patna ea Total 
Films marked ‘C’ or ‘D’ by | | 
the central readers. 175 196 185 157 203 209 1125 
Bacteriologically positives 
among ‘C’ or ‘D’ by the | | 
central readers. 33. | 34 34 VA ieee 36 ly Coa ai Wy 79 
Percentage _bacteriologically | | | 
positive among those | | 
marked as ‘C’ or ‘D’ by | / 
central-readers. - | 18-9 17-3 1864 | 1864 17+? 8-1 156 
| ee hoa ak 
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Apart from what has been stated above there were other factors which were 
likely to affect the comparability of the results in different zones. In Madanapalle 
zone, the persons to be bacteriologically examined were selected on the basis of the 
results of a single-local reader only, and this might have resulted in a slight under- 
estimation of the number bacteriologically positive in that zone. This was corro- 
borated by the smaller percentage of bacteriologically positives in this zone observed 
in Table 5-1. In the Calcutta zone, laboratory facilities were not available for a 
long time with the result that in the earlier stages, bacteriological examinations were 


considerably delayed. How far this would have affected the final results in that 
zone is not clear. 


Even within a zone, conditions of work, from the laboratory point of view, 
differed from place to place. For instance, these were not as good in the towns as 
in the cities and were even less satisfactory i in the villages.. Such differences would 
well have pares the positivity rate in the different areas within each zone. 


(d) EsTIMATION OF BACTERIOLOGICALLY POSITIVES 


Although all the cases classified as abnormals (excepting the ones showing 
mere calcification) had to be bacteriologically examined, for various reasons it was 
not possible to carry out the examination of all these cases. The number of 
bacteriologically positives which could be expected among those who could not be 
examined had, therefore, to be estimated. The general principle used was that if 


N, is the number who were bacteriologically examined, 
N, the number who could not be bacteriologically examined, and 
n, the number found bacteriologically positive among the N;, then 


ne the expected number of bacteriologically positives among the N, is given 
by: 
nN] 


Ni 


n,= x Ng. 

In applying the principle, the cases to be examined bacteriologically were 
divided into two groups (1) those which were marked ‘C’ or ‘D’ by one or both 
of the local readers and (2) other abnormals which were not marked ‘C’ or ‘D’ 
by both the local readers. The numbers to be expected among those that could not 
be bacteriologically examined in these two groups were separately estimated by 
applying the formula given above. The two numbers so estimated were added to 
the numbers that were established as bacteriologically positive among those examin- 
ed in these groups to provide the total number of bacteriologically positive cases. 
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The scheme used is presented in the following table. 


Scheme for estimation of bacteriologically positive cases 


a i te En A RR A A NN NL A 


Number bacteriologically examined. 


Number bacteriologically not 
examined. 


Number found _bacteriologically 
positive among those examined. 


Expected number of bacteriologically 
positive among those not 
examined 


‘C’ or ‘D’ by one or 
both local readers. 


ssestap 


Films classified as 


Other than ‘C’ or ‘D’ 
by both local readers 


Nu Nie 
Ne Nes 
Ny Nig 
w= M1 Nig 
Ne = ——-XNagy Nes = N x Nos 
12 
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CHAPTER VI 


FINDINGS OF THE SURVEY 


In the preceding two chapters the types of data available from the survey and 
the methods of utilising them to work out the number of (1) radiologically positive 
cases and (2) bacteriologically positive cases in the villages or census blocks selected 
for survey were discussed. Although the survey was centrally planned in as much 
as it had extended to six zones spread over the country, certain variations in the 
data due to difference between the zones in conditions of work and personal factors 
were inevitable. Special attention was, therefore, given to arriving at data valid for 
inter-zonal comparisons. In the present chapter the manner in which the data so 
obtained for the individual village or census block could be used to obtain estimates 
’ of the prevalence rates for the city, towns and villages, in each zone will be 
discussed. The findings and conclusions of the survey in regard to the prevalence 
rates will also be presented. 


(a) INDICES USED FOR ASSESSING PREVALENCE OF MORBIDITY 


Two indices have been used for assessing prevalence of morbidity. These 
dies ; 

(1) Number of ‘active’ and ‘probably active’ cases per 1009 population. This 
index will give per 1000 persons the number of bacteriologically positive cases plus 
the radiologically positives (i.e. classified as ‘C’ or ‘D’ under Aetiology) among those 
_ in whom bacilli was not demonstrated. 

(2) Number of bacillary cases per 1000 population.—This index will give per 
1000 persons the number of bacteriologically positive cases. 

Whereas the second index will include all cases who should be treated and 
isolated, the first index may include some who may need only observation. 

Using the procedures discussed in Chapters IV and V data given by the survey 
were first used to obtain (1) the number of ‘active’ and ‘probably active’ cases and 
(2) the number of bacillary cases in each village or census block surveyed. The 
populations x-rayed in each of these units were directly available from the survey. 
These data of the units were then utilised to obtain estimates of the prevalence rates 
in the city, towns and villagesin each zone. The formulae used for estimating 
these rates as well as their standard errors are given in Appendix 2. 


_(b) LIMITATIONS OF THE DATA 


These rates as obtained from the survey data suffer from certain limitations. 


As already explained in Chapter IV, the number of radiologically positive cases is 
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likely to be slightly underestimated by applying the procedures described in it. 
The first index viz., the number of ‘active’ and ‘probably active’ cases per 1000 
population, which is calculated from such estimates, is, for this reason, likely to 
be underestimated to the same extent. The bacillary rate is likely to be under- 
estimated to a much larger degree for a variety of reasons, one of the most 
important being that bacteriological examinations were confined to specimens 
collected during one visit only. Moreover, the extent of underestimation is likely 
to vary from zone to zone due to the variations in procedure discussed in Chapter 
V and this introduces difficulties in making inter-zonal comparisons of the second 
index viz., the number of bacillary cases per 1000 population. 

The inability to x-ray all the eligible persons in the sample also introduces 
certain difficulties in the working out of the indices as well as in interpreting any 
differences in them, especially because in a survey of this nature, persons not 
presenting themselves for x-ray may be selective. At one extreme they may be 
persons suffering from tuberculosis and therefore unable to present themselves for 
x-ray. On the other, they may be the ones who are very healthy and are away from 
home on active work. Even if reasons for failure to report for x-ray are available, 
as in the present survey, satisfactory adjustments become difficult. It was for this 
reason that the plan of the survey emphasised the x-raying of close to 100 per cent 
of the eligible population. Ifthe non-x-rayed form only a small fraction of the 
eligibles, the indices as worked out from the data of the x-rayed can be considered 
satisfactory. In view of its importance, data on the percentage of eligitles who 
were actually x-rayed is considered below. 

Extent of coverage of the eligible population.—The indices of morbidity could be 
considered to be more reliable in groups where about 90 per cent of the eligible 
population were x-rayed and a fairly high fraction of those showing suspicious 
x-rays were bacteriologically examined. The extent to which such coverage was 
achieved in different zones is shown in Tables 6-1 and 6:2. It would be observed 
that response was well upto this limit in most of the areas. The important excep- 
tions for x-ray were the towns of Patna zone and all the three cross-sections (city, 
towns and villages) in Trivandrum zone. In all zones the response was generally 
better in the villages. 

The main reasons on account of which some persons could not be x-rayed are 
given in Table 1, Appendix 3. It would be observed that in most of the zones, a 
large proportion of those not x-rayed were absent from the locality at the time of the 
survey. In Patna and Trivandrum zones a high proportion of the non-x-rayed had 
refused to come for x-ray. 

The distribution according to age and sex of the persons who could not be 
x-rayed given in Table 2, Appendix 3, shows that except in certain zones the 
absentees for x-ray were distributed more or less evenly in the different age-sex 
groups. 

In view of the relatively high coverage of the eligible population it was felt 
reasonable to assume that the indices as worked out from the data of persons actually 
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TABLE 6:1 


Percentage of eligible population x-rayed in different zones 


Towns 
Eligi- No. Per- Eligi- No. Per- Eligi- No. Per- 
Zone ble for | X-ray- | cent- | ble for | X-ray- | cent- | ble for | X-ray- | cent- 
X-ray ed age X-ray ed age X-ray ed age 
X-raye X-rayed X-rayed 
Calcutta 18,707 | 16,155 86-3 a pas — a es am 
Delhi 24,706 | 22,780 92-2 | 12,007 | 11,215 93-4 | 26,468 | 25,075 94-7 
Hyderabad 31,656 | 29,240 92-4 | 10,841 | 10,410 96-0 | 27,061 | 25,590 94-6 
Madanapalle 17,871 | 15,986 89-5 | 14,156 | 12,955 91-5 | 21,719 | 19,622 90-3 
Patna 16,670 | 14,970 89-8 | 12,242 9,880 80-7 | 14,368 | 13,820 96-2 
Trivandrum 21,709 | 16,665 76-8 | 10,302 7,595 73-7 | 47,655 | 38,800 81-4 
Total 131,319 (115,796 88-2 | 59,548 | 52,055 87-4 |137,271 |122,907 89-5 
| 
TABLE 6-2 
Percentage bacteriologically examined out of those selected for 
such examination 
City Towns Villages 
eee) BE. | Percen:) “Bien BiB |'Percen-| B.E. | BES Perce. 
Zone ordered} carried| tage jordered carried| tage ordered | carried | tage 
out | out out 
Calcutta. 595 440 73+9 — as aes < te aE 
Delhi 1,529 1,401 91-6 476 442» 92-9 P,215 1,139 93-7 
Hyderabad 1,778 | 1,664 | 93-6 | 1,570 | 1,221 °| 77-8 | 4,271 | 3,058 | 71-6 
Madanapalle 1,162 | 1,067 | 91-8 | 821 706 | 86:0 | 876 | 620°| 70.8 
ee 630 | 453 |.71-9 | 381°] 260 | 65-8 | 747 | 667 | 80.3 
Trivandrum 695 540 0G alk 479 403 84-1 760 623 82.0 
Total | 6,389 | 5,565 87-1 | 3,727 | 3,022 81-1 | 7,869 | 6,107 77-6 
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x-rayed would reflect the rates for all the eligible persons. In as much as the main 
reason for failure to come for x-ray was that the person was away from the locality, 
it was likely that such an assumption would lead to an over-estimation of the 
morbidity rates. In most of the zones the degree over-estimation could not be larger 
than 10 per cent which would be obtained if all those not x-rayed were assumed to 
be free from tuberculosis. In Trivandrum and Patna zones this upper limit of the 
error may be about 25 per cent. 


(c) MorBIDITY INDICES FOR DIFFERENT POPULATION GROUPS ~ 


The morbidity rates among males and females in the three cross-sections in 
different zones are given in Table 6-3 according to the two indices mentioned above. 
The rates for ‘active’ and ‘probably active’ cases as well as for bacillary cases in 
the different age groups are given in Tables 6-4 and 6:5 respectively. The 
prevalence of the disease in population groups living in different types of houses 
given in Table 6:6 is likely to indicate, in a rough manner, the extent of the disease 
among different economic groups. Besides these, the extent of disease and cavita- 
tion among the ‘active’ and ‘probably active’ cases are shown in Table 6-7. 
These percentages have been worked out on the basis of classifications made under 
pathology and cavity by the central readers when they read the films selected for 
the second investigation referred to in Chapter IV. 

In interpreting differences in the morbidity rates given in the above tables the 
extent of sampling error in the estimates has to be taken into account. The co- 
efficients of variation of these estimates of morbidity rates were generally in the 
range of 4 to 25 percent. The data for each village and for each block of town or 
city which were used in calculating the actual coefficients of variation are given in 
Appendix 4. 

(i) Variation in morbidity rates for different cross-sections.—It would be 
observed from Table 6:3 and Charts 1 and 2 that the number of ‘active’ and 
‘probably active’ cases varied from 18 to 25 per 1,000 population whereas the 
bacillary rate varied from 2 to 8 per 1,000 population in the different cross-sections 
of the population in different zones. One of the significant features revealed by the 
figures in this table is the absence of any marked difference with regard to the 
prevalence of the disease in the three cross-sections viz., city, towns and villages. 
Contrary to expectations, Calcutta city, the largest in the country, did not show a 
particularly high prevalence rate. A perusal of the morbidity rates for each block, 
given in Appendix 4 shows that there are wide variations between the blocks in 
cities. In Calcutta city, for instance, there were blocks showing a prevalence of over 
50 per 1,000 whereas there were some others in which the prevalence was only 3 per 
1,000. ‘These wide variations and the presence of pockets with high prevalence 
indicate that even though the present survey provides reliable over-all prevalence 
rates there is need to undertake further investigations in order to understand better 
the epidemiology of the disease in the bigger cities. 
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With regard to the above findings, it must, however, be pointed out that the 
villages actually surveyed cannot be considered as a random sample of the entire 
rural population. As has been described earlier, only such villages which were 
accessible were included for survey and these would be mainly villages on the road 
side. The proportion of accessible villages to the total number was as low as 
15 per cent in some zones. How far such a selection affects the comparison 
between the urban and rural rates can only be gauged when the results of the 
survey in the inaccessible villages are available. 


Another fact which has a bearing on the differences in the prevalence rates for 
cities, towns and villages, is the movement of tuberculous persons from one area 
to another. It is normal for persons from villages who take work temporarily in 
towns and cities to return to villages when they become chronically ill. On the 
other hand the possibility of the sick rural population taking temporary residence 
in towns or cities to obtain better medical facilities is not unknown. 

The above findings about the relative incidence in cities, towns and villages 
are in line with the results of tuberculin testings in connection with the BCG 
Vaccination Programme. The infection rates in large towns, small towns and 
villages as revealed by tuberculin surveys are not appreciably different. 


The data given in Tables 6-3 to 6-7 as well as the details provided in Appen- 
dix 4 of the ‘active’ and ‘probably active’ cases per 1000 x-rayed in individual 
blocks and villages from each zone can be used by the local authorities in devising 
control measures in their zones. It must, however, be emphasised that while the 
figures are able to give an overall idea of the conditions prevalent in each zone, they 
would not necessarily represent itions prevalent in limited areas within each 
zone. Specific control measures for such areas would normally call for more 
detailed information than can be provided by this survey. 


(11) Variations for sex and age groups.—The morbidity rate for females was 
in general less than for males (Table 6-3 and Charts 1 and 2). This difference arose 
essentially because of lower rates among females in the age groups of 35 years and 
over (Table 6-4). In Delhi city, for instance, the rates for males and females 
were about the same for those below 35 years; for females above this age the 
morbidity rate was less than half of that for males. 


The morbidity rates showed a continuous increase with age. The prevalence 
in the age groups above 35 years was considerably higher than in the age groups 
between 5 and 34 years in most of the areas, as will be seen from tables 6-4 and 
6:5 and Charts 3 and 4. 


(iii) Morbidity indices for population groups living in different types of houses. — 
Table 6-6 shows that the type of house or the economic factors associated with it are 
not of much significance in the case of villages. In cities, persons living in pucca 
houses, who may be assumed to be of better economic conditions, show lower 
prevalence rate than those living in kutcha houses (Charts 5 and 6), 
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(d) EXTENT OF DISEASE AND PRESENCE OF CAVITATION 


The extent of disease and presence of cavitation among ‘active’ and 
‘probably active’ cases are shown in Table 6:7. It would be seen from 
this table that a large proportion (39 to 80 per cent) of the ‘active’ and ‘probably 
active’ cases found during the present survey had -moderately advanced 
disease. Of the remaining cases the majority had far advanced disease, and minimal 
cases generally constituted only a small percentage (2 to 12) of the total cases. 
The percentage of ‘active’ and ‘probably active’ cases who showed definite cavita- 
tion varied from 4 to 33. It is of interest to note that the percentages were generally 
smaller in the cities as compared to the towns. It would thus appear that in 
cities the prevalence rates were not only lower than was expected but also that a 
smaller proportion of the cases found therein had definite cavitations. 


(e) SUMMARY OF FINDINGS. 


The salient findings of the survey may be summarised as follows :— 


1, Prevalence rate for ‘active’ and ‘probably active’ tuberculosis varied 
from 13 to 25 per 1000 population in cities, towns and villages in the 
different zones. 

2. The rate of bacteriologically positive cases for 1000 population in these 
areas varied from 2 to 8. 

3. Prevalence rates in cities, towns and villages were generally of the same 
order. 

4. Prevalence rates were lower for females than for males, specially in age 
groups above 30 years. . 

5. In general, the prevalence rate showed a continuous increase with age. 

6. Inthe cities the higher prevalence among persons living i in kutcha houses 
as compared to those in pucca houses indicated the possible effect of 
economic and sanitary conditions. 

7. A large majority of the ‘active’ and ‘probably active’ cases had modera- 
tely advanced disease. 

8. Definite cavitation was observed in 4 to 33 per cent of the ‘active’ and 
‘probably active’ cases, this percentage being generally smaller in the 
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The survey has shown that the differences, if any, in morbidity rates between 
cities, towns and villages are much smaller than what was expected. Though 
the incidence of tuberculosis in rural areas is generally lower than that 
in cities and towns, the difference is not marked. This finding, though 
disturbing, may have some reasons. A deeper understanding of the ecological 
features of our cities and towns, and of the closeness of contact between urban 
and rural populations may be necessary before we can find an explanation. The 
present survey has also shown that there are areas within a city where the preva- 
lence of tuberculosis may be as high as 4 or 5 per cent and that these are generally 
the areas occupied by the poorest of the population. They are living very often in 
extremely insanitary conditions. When we think of tuberculosis being high in 
cities there is a chance of taking for granted that the majority of the. ‘population 
lives under such conditions. Since sections of the community living in healthier 
surroundings have got lesser prevalence, they make the average prevalence in the 
city less than what we expect. 

It has also to be recognised that not only at the ptesent time, but from times 
immemorial, the rural populations were undertaking long treks to distant parts of 
the country, to attend fairs and festivals. This naturally leads to dissemination 
of the disease. Such dissemination can be expected to be higher in areas near 
channels of communication. As the survey has covered only accessible villages so 
far, the prevalence rates obtained are applicable only to such rural areas where this 
dissemination is likely to be more. Further investigation is necessary to ascertain 
whether the conditions will be different in the inaccessible rural areas. 

Another factor that is noted was that the majority of cases suffering from 
tuberculosis were moderately advanced and that minimal cases were few. It was 
also noted that cavitary cases were less in the cities than in small towns. It is not 
easy to explain these differences. But one possible explanation is that in cities 
there are more facilities for treatment and the more advanced cases, especially 
those with symptoms, may have had chance to be treated with modern anti-bacterial 
drugs. 

The sample survey covered only forty per cent of the total population of the 
country spread over six zones. Even in these zones, not all sections of the popu- 
lation could be included partly because of difficulties of transporting the x-ray vans 
in the absence of satisfactory road communications, and partly because of financial 
limitations. The survey has provided estimates of disease prevalence only for the 
laygest city, medium sized towns and accessible villages in each zone. {It is, t 
fore, not justifiable to use this data to estimate the total number of tuberculosis 
cases in the country. However, the survey provides enough evidence that the 
total number of pulmonary tuberculosis cases in the country is much larger than 
what was assumed previously and is likely to be in the neighbourhood of about 
five million 1.e. 1:3 per cent of the total population. Not all of these ‘cases’ would 
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necessarily require treatment as some may, after continued observation, prove to be 
not needing special attention. But a certain proportion of these 5 million 
tuberculosis cases would be excreting bacilli and would thus be infecting ‘other 
persons. From the results of the survey it is reasonable to assume that the 
number of such infectious cases in the country would be at least 1:5 million i.e. 
0'4 per cent of the population. The existence of such a large number of infectious 
tuberculosis cases spread over the urban and rural areas in the different parts of the 
country is obviously a matter for serious concern and demands a very high priority 
for the anti-tuberculosis campaign in the country’s plans. 

The above findings also make it necessary to review our methods for control- 
ling tuberculosis in the country. Tull now the main emphasis was being given to 
the control of tuberculosis in urban and crowded areas, as these were considered 
to be the important centres where tuberculosis was concentrated. There is undoub- 
tedly much tuberculosis in cities. But these are usually concentrated in certain 
areas of the cities where the economic condition of the people is comparatively 
poor. When priorities are to be given because of paucity of funds and personnel, 
it would naturally be necessary to concentrate tuberculosis control measures in 
these areas e.g. if only a few clinics can be started ina city it is well to have them 
located in such areas. Since tuberculosis is now known to be fairly high in the 
rural areas also, especially the ‘accessible’ villages* we have to think of extending 
anti-tuberculosis measures to these areas along with the introduction of measures in 
urban areas. This increases manifold the magnitude of the tuberculosis control 
programme. It seems necessary, therefore, that the control of tuberculosis in rural 
areas has to form a significant part in the tuberculosis control programme in the 


Third and subsequent Five Year Plans. 
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* At the time Of writing this report, part of the survey in the ‘inaccessible’ villages has been 
The preliminary results indicate that there is no significant difference regarding the 
ble’ and ‘inaccessible’ rural areas now surveyed, 
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APPENDIX 1 
MANUAL OF INSTRUCTIONS 
Introduction 


This survey will be confined to the following seven zones demarcated around 
the existing Tuberculosis Centres with mobile x-ray equipment. 


Population 


Areas included (1951 Census) 


Name of zone 


1. Calcutta 23,844,000 
River Ganga and the districts of 
Mayurbhanj, Balasore and Keonjhar of | 


Orissa State. 


States of Punjab, PEPSU and Delhi and | 
‘districts of Saharanpur, Muzaffarnagar, 
Meerut, Bulandshahr, Aligarh. | 
Mathura of Uttar Pradesh. 


2. Delhi 28,691,000 


Hyderabad State, and districts of Shola- 
pore, Bijapur, Belgaum, Dharwar and | 
Kanara of Bombay State. 


3. Hyderabad 25,377,000 


4, Madanapalle (Districts of Andhra State south of River 
Krishna, Mysore State and North 


Arcot district of Madras State. 


23,148,000 


5. Madras Madras State excluding the districts of | 23,610,000 
North Arcot, South Kanara, Malabar, 
Nilgiris, and Tinnevelly. | 
6. Patna Districts of Bihar State south of the River 21,554,000 
Ganga. {approximate} 
7. Trivandrum States of Travancore-Cochin and Coorg, 18,775,000 


and districts of South Kanara, Malabar, 
Nilgiris, Tinnevelly of Madras State. 


Within each zone the areas to be surveyed will consist of (a) about 30 villages, 
'b) a few blocks in six medium-sized towns and (c) a few blocks in a city. The 
entire resident population above 5 years of age in these areas will be included in 


the survey which will consist of a miniature x-ray followed by bacteriological 
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examination whenever necessary. The procedure to be followed is given below 
under the following headings : 


(A) Mass x-ray. 
(B) Reading of films. 


(C) Bacteriological examination. 
2% MASS X-RAY 


1, SELECTION OF VILLAGES 


1-1. For the purpose of this survey a specified village will cover the entire 
area included under that name in the 1951 Census. It would normally refer to the 
revenue village and may include, in addition to the main village, smaller villages or 
hamlets (collection or group of houses). Of these an accessible village is defined as 
one where the main part of the village is within half a mile of a road negotiable by 
the mobile x-ray and generator vans. The presumption is that people from the 
more distant parts will not mind covering somewhat longer distances, as they have 
often to go to the main village. 

1-2, A list of 120 villages would have been given to each unit by Dr. 
C. Chandrasekaran, Professor of Statistics, All-India Institute of Hygiene and 
Public Health, Calcutta to provide a frame from which 30 accessible villages should 
be selected. The accessibility or otherwise of each of these 120 villages will have 
to be ascertained, as far as possible, by a responsible official of each centre by 
personally visiting the villages. Where information from District Medical Officers, 
Tehsildars or Regional Officers of the National Sample Survey are used the decision 
on accessibility or otherwise should be supported by at least two independent 
agencies. 

1-3. If the number of accessible villages is about 30 (say 28 to 32) all these 
villages should be included in the survey. If their number is more than 32 a 
statistician has to be consulted for selecting at random 30 of these villages for the 
survey. In any case, the list of accessible villages and that of the finally selected 
villages should be sent to Dr. Chandrasekaran. If, however, the number of accessi- 
ble villages is less than 28 a further list of villages will have to be obtained from 
him and information regarding accessibility of these new villages will have to be 
ascertained inthe same manner. While asking for the new list the names of 
accessible villages in the original list should be supplied. 

1-4. In order to secure uniformity, the different centres should follow strictly 
the definition of accessibility given above and the information will have to be 
obtained through personal visits by responsible officials of each centre. 


2. SELECTION OF BLOCKS WITHIN TOWNS. 


9-1. A list of six towns will be supplied to each centre. Roughly ten per 
cent of the population living within the present boundaries of each of these towns 
has to be surveyed. The process of selection should be as follows. 
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2-2. The town has to be divided into more or less equal blocks, at least 30 in 
number, each consisting of 100 to 150 households (population about 500 to 750) 
with well-defined boundaries. The census blocks (full information about which 
would be available from the National Register of Citizens kept at the Municipal 
Committees) can be used for this purpose. If, however, some of the census blocks 
are too big or too small they have to be sub-divided, or clubbed together to form 
new blocks of the size specified above. Any extensions in the towns outside the 
1951 Census blocks should be treated as new blocks if they are big enough or 
amalgamated with adjacent blocks if small. In any case a statistician should be 
consulted for the purpose of forming these blocks. Ten per cent of these blocks 
should then be chosen at random to form the sample to be surveyed. This selection 
should be made as shown by the following example. Suppose there are 54 blocks 
in all of which we have to select 10 per cent. Randomise the blocks and number 
them from 1 to 54, Choose at random anumber from | to 10, say 6. Then the 
blocks No. 6, 16, 26, 36, and 46 form the sample. If, however, the number 3 came 
up instead of 6, there would be six blocks to be surveyed viz., 3, 13, 23, 38, 43, 
and 53. 


3. SELECTION OF BLOCKS WITHIN CITIES 


3-1. The name of the city to be surveyed would have been given to each unit. 
The process of selecting blocks within the city for survey should be as follows. 

3-2. Divide the city, taking the present boundaries, into more or less equal 
blocks in the same manner as was adopted in the case of towns ; but the block size 
in this case may be slightly bigger—160 to 200 households or 800 to 1,000 popula- 
tion. From these blocks about 25 to 40 blocks will have to be selected purely at 
random for the survey. 


4. CENsUS 


4:1. The next step is to list the households in each village or block selected 
for survey and fill the Household Schedules (See page 79). 

4-2. A household for our purpose, is defined as a group of persons normally 
living together (in a dwelling unit) and having a common cooking arrangement. 
However, lodgers who sleep in the dwelling unit and have no cooking arrangement 
within the dwelling unit should also be included in the houshold. Thus it is 
possible to have more than one household in the same_ house. 

4-3. The head of the household is the person usually so regarded by the rest 
of the family, not necessarily the bread winner. 

4:4, Each household has to be given (according to a definite system) a number 
which should be written in a prominent place. The main purpose of this numbering 
is to locate the household at the time of the survey. In the larger villages clusters at 
houses could be given subscripts like A, B, C, etc. and the houses within it serially 
numbered, like Al, A2, A8, ...... .Bl, B2, B3, etc. The various households within 


79 


sas @hGaeh de Ce wash star's cocvesienueet cece Cone Sp DiOiee TION a Ral IE SRSA EL @ 


—: (‘o}0 ‘Aue JI ‘yUau}eaI} Jo ainjeu 
—?siepnoijied aArs Os J] ‘Jr aours porred ‘yeydsoy ev ur 10 asnoy ay} Ur SurAejs JayjeyM) 
é pjoyasnoy ey} UT sisojnoieaqn} WoIF Yeap ke aray} seA\ : J sIepnoied 2a1s pjOyesnoy 24} Ur SIsO[NoLaqn} Fo aseo k ST 2194} FI > Y 


She 


| 
Ses ts 
| 

| 

So 


D = 


, 


| 
cle 


| 
: 
| 
j 
=) 


| 
| 


| 
| 
/ 
| 
eee 
: 


| 
| 
| 


a Ol 


aD Teg pe oe at mes 


Ssauy |! *suoseal | 
*pakei-x jou | jou Jo | jo amnjeu | ajeys ‘os Jy ¢ Apiaer | IOPISIA 10 : S pjoyssnoy (4S1iy A 
ji uoseat IO peAei-x | 2}e}s ‘os J] | -odwia} yno SurAe}js | JUaptsar | UOTFEdNIIO | tg SS UTYJIM pjoyasnoy fo peayzy) iy 
“ON AG AeI-K | JaUIOY AY ¢ [[F PY4s/ay sy] yUaptser Aue sy | JayWY AY * drysuoyepay | awenN 9 
(proyssnoy fo) 
wee eeerreeeee Perce reer ee teeeeerseceet UOISII2 eee ee eee eneee ON asnopyy’*s**** Rete nice eevee ses cece soeteesenses 3. J2aqIC"*** eevee seoeees DIBA /ATTeIO7} 
See ter ee cere re eee i cerenteens asnoy jo ada { weoeee Sotecccerced U/AO T/IS5eTITA eed aces cm soecers UOTILIS 2901]0d qo ANTE ‘jIsya T, ele we. 00660 6.0 u's Siviete he rele > PUYsICG 


ATAGHHOS ATOHASNOH 


Hee ONT [BETIS “ st5+ + ONT pfoyasnoR] Pisces QUOT “QGE—gSGg] Aeaang sIsopnosagn |. wD] 


80 


each house could be marked Al/l, Al/2, Al/3 etc. To ensure that no house- 
holds are omitted information about the number of households within each house 
should be obtained from the house visited. After numbering each household the 
enumerator should carefully fill all the entries in the Household Schedule, which 
should be filled at least in duplicate. 

4:5. Ifany house is found locked at the time of this census a blank sheet of 
- the Household Schedule will have to be kept for each of the households residing in 
that house (an information which may be obtained from the neighbouring house). 
The date or dates of visit and the remark ‘locked’ should be written on the right 
hand top corner of each Schedule. Ifthe occupants of the house are reported to 
have come back they may be included in the census if the leader of the team is 
convinced, on enquiries, that they are genuine residents of the specified household. 

4-6. The information for the Household Schedule should be obtained from a 
responsible member of the household—usually the head of the household, his wife 
or some other adult member of the family. 

4:7. School hostels, boarding houses etc. should be enumerated as special 
households and should be included in the survey. Hospital wards, sanatoria, office, 
shops etc. should not be included in the survey and Household Schedules need not 
be filled for them. However, any household usually living on the premises of such 
establishments should be included in the census, as a common household, e.g., 
household of resident medical superintendent, of the chowkidar living on the pre- 
mises etc. 

Note: If a person from a household to be surveyed is a patient in the local 
hospital or sanatorium, he will have to be included asa member of the household 
surveyed. . 

4:8. Checking of Census.—After the census a responsible member of the team 
should check enumerators’ work for (a) completeness of coverage and (b) correctness 
of entries. About 3 per cent of the households should be checked and the types of 
mistakes found should be brought to the notice of the enumerator concerned in 
order to prevent their recurrence. 


5. FILLING THE HOUSEHOLD SCHEDULES 


5:1. Schedule should be filled legibly in ink (ballpoint pens are recommended). 

5-2, Five digit numbers are printed serially on the schedules to be used in 
each zone. In addition to this the Household number (see para 4:4) should also be 
filled in the space provided in the schedule. 

5:3. Separate sheets of the printed Schedule are to be used for each house- 
hold. If more than one sheet is necessary the sheet with the next printed number 
should be used for continuation and appropriate remarks entered on the first and 
the continuation sheets. 

5*4, Against ‘Village/Town’ give the name of the village or town (Use the 
name given in the list of selected villages or town). If registers are used so that the 
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first copies of the Household Schedules can be left bound together, there is no need 
to repeat entries of District, Tehsil, Village/Town on every Household Schedule. 
It is enough if the first and last few schedules for the village or block of town bear 
all these common entries. 


5-5. Against ‘Type of house’ write hut, or kutcha (mud) house or pucca (brick, 
stone or cement) house. 

5:6. Against ‘Religion’ give that of all or the majority of the members of the 
household and in case some of the members are of a different religion note this fact 
against their names. 


~ 


5:7. The particulars regarding each member of the household should be 
entered, starting with the head of the household, his wife, children (according to 
age) and others or servants last. Jn order to ensure that there are no omissions the 
questicns should be put in a systematic manner covering each of the groups 
mentioned above. ., ~ 

5:8. Col. 1—Serial numbers are to be given to each member within each 
household. This is very important as this will form part of the reference number 
allotted to each person. : 

5-9. Col. 2—Name should be followed by father’s name or husband’s name in 
the case of married women. If the person has a nick name this should be entered 
within brackets after the name. 

5-10. Col. 3—Relationship within household : Give, for example, son of serial 
number 1 or daughter of serial number 5 etc. as the case may be. 


5:11. Col. 4—Sex : Use M for male and F for female. 
5-12. Col. 5—Give Age in completed years. 


5-13. Col. 6—Occupation: The entry in this column should clearly indicate 
the kind of work or nature of duties performed by the person. Entries such as 
‘farm-work’, ‘employed in factory’, ‘works in an office or in a shop’ are vague 
since a farm worker may be (1) a farm labourer (2) a farm foreman supervising the 
work of a group of labourers, (3) a farm manager or (4) an owner or tenant culti- 
vator ; a factory worker may be an assembler, moulder, fitter, lathe operator etc. 
While describing occupations the type of responsibility that a person has to bear 
and the type of skill that is required of him may be taken into account. 


5-14. Cols. 7 and 8. (a) Resident is one who normally lives in the village. If 
such a person is staying out temporarily the reasons for his staying out should be 
stated in col. 8. It is of particular interest to know whether his absence is due to 
his undergoing treatment in a hospital or sanatorium. In such cases the nature of 
the institution and the address should be entered in the Schedule. 


(b) A Visitor is a person who is temporarily staying with the household and 
who usually resides elsewhere. Thus, for example, a married daughter who normally 
lives with her husband outside the village or the selected blocks of a town but is 
temporarily staying with the household should be entered as a visitor. If, however, 
she is a resident of the same village or selected block of the town this fact should 
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be noted in both the Household Schedules and she should be x-rayed where 
available. 

(c) If the entire household is only temporarily present in the dwelling unit 
and usually lives elsewhere all its members should be listed as visitors. 

5-15. Col. 9 —Give the symptoms and the reported diagnosis if any. 

5:16. Cols. 10 and 11—These columns are to be filled in later on after x-ray 
and do not concern the census enumerator. 

5:17. Note A (left bottom portion of Schedule)—Give particulars about cases 
of tuberculosis during the last five years in the household. 

5-18. Note B. (right bottom portion of Schedule)— Give particulars regarding 
deaths from tuberculosis during the last five years in the household. 

5-19. Against ‘date’ give the date or dates of enumeration. 

5-20. Signature—The enumerator should sign here on every page. 

5:21. Checking—Finally scrutinise every relevant column or entry in the 
Schedule to ensure that they have all been filled properly. No column or space 
for entry should be left blank ; wherever appropriate, ‘Nil’ and the symbol ‘N.A. 
(not applicable} should be given. 

5-22. Token—After this scrutiny leave a token with the household and instruct 
the members to carry the token with them when they come to the x-ray van on the 
appointed day. This token may be a copy of the Household Schedule itself or 
separate token slips bearing the ‘Ref. No.’ of the person (see para 6:1). 

5-23. At the end of the day’s work the copies of the Schedule should be 
separated from the original which will be left in the register. The loose copies 
should be arranged according to the printed numbers on the Schedule and filed 
properly. 

5-24. When the enumeration work has been completed for a village or block 
prepare an alphabetic index of names of heads of households showing against the 
head of each household the printed numbers on the schedule for that household. 
The name of father of the head of household should also be given for identification. 
This index will be helpful in identifying persons who come without the token for 
x ray. 


6. Friritinc X-ray Carps 


6-1. X-ray Cards should be prepared for each person five years of age or more 
in the household (whether resident present, resident absent or visitor), on the basis 
of the Household Schedules and should be ready when the x-ray work in the village 
or block starts. These cards should be arranged according to the Ref. No. 
in the x-ray card which should be written in two parts—the ‘printed number on 
the schedule and the serial number of the person within the household (col. 1 of 
schedule). If more than one sheet of the Schedule has been used for a particular 
household the printed number on the first sheet should be used. Thus. if the 


Schedule with printed numbers 01046 and 01047 have been used for a particular 
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household and if the 16th member of this household is entered in the Schedule No. 
01047 the Ref. No. of this person will still be 01046/16. 

6-2. ‘Contact history’ and ‘own history’ can be filled in on the basis of the 
information in col. 9 and Notes A and B on the Household Schedule. 

6-3. X-ray No., date and the results of miniature x-ray and laboratory exami- 
nations on the reverse of the card are to be filled in subsequently. 

6:4. It is important that all entries in the x-ray card should be complete and 
should be legibly filled in ink. No space for entry should be left blank (See para 
5.21), 


7. Mass X-RAY. 


7-1. Start x-ray work as soon after the census as possible. 

7-2, The aim should be to x-ray 100 per cent of the population above 5 years 
of age in the village or in block. It is expected that sufficient number of persons 
will come up for x-ray on the first day. The fact that x-ray is going on at such and 
such a place should, however, be announced periodically in different parts of the 
village or block that can be taken up on that day. When the response tends to be 
poor, the members of the team should visit the house of the absentees (see para 
79). 

| 7-3. Hours of work shall have to be fixed according to the convenience of 
the different sections of the local population. In general, it would be better to have 
two shifts, one in the morning and the other in the evening. 

7-4. Working arrangements.—It is important to make proper arrangement for 
work so that the persons who come for x-ray do not have to wait for long or are not 
crowded together at any one phase of the work. 

7-5, When a person comes with the token for x-ray his identity has to be 
checked, the relevant x-ray card taken out and the x-ray No. stamped on the 
card and on the main copy of the Schedule. It is preferable to engage three persons 
for this work. The duties of the first and second clerks will, however, differ accord- 


ing to the type of token used (see para 5°22), 
7-5-1. WuHen HovusEHoLp SCHEDULE IS USED AS TOKEN. 


7.5-1-1. The first clerk will check the identity of the person by referring to the 
particulars given against his name inthe token (Household Schedule). If he is satisfied 
he will call out the ‘ref. no.’ of the person (see para 6-1) to the second clerk sitting 
by his side. If he doubts the identity of the person he will ask him to wait and 
‘nform the team leader about it. The first clerk will then put his initials in the 
token (Schedule) against the names of persons who have come for x-ray and also 
keep a note of persons whom he has asked to wait for further identification. 

7-5-1-2. fall persons to be x-rayed from a particular household have not come 
for x-ray the first clerk will return the token (Schedule) to the last person from the 
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household who has come for x-ray and will instruct him to send the remaining 
members of the household for x-ray. 

7-5:1-3. The second clerk will have with him the bundle of cards for the 
area, arranged according to ‘ref. no.’ (see para 6"1). When the first clerk calls out a 
‘ref."no.’ he will take out the relevant card, hand it over to the person and 
instruct him to go, with the card, to the third clerk. 


7-5-2. WHEN SEPARATE TOKEN SLIPS ARE USED. 


7-5-2-1. The first clerk will have with him the bundle of cards for the area, 
arranged according to ‘ref. no.’ (see para 6°1). When a person comes with the: 
token (which shows the ref. no ) he will take out the relevant card and instruct the 
person to go with the card to the second clerk. 

7-5-2:2. If some cards for the household are still left the first clerk should 
enquire from the person about those members of the houshold who have not come 
and instruct him to send them for x-ray. 

7-5:2°3. The second clerk will check the identity of the person by reterring to 
the particulars given on the card and if he is satisfied he will put his initials in one 
corner of the card and ask the person to go with the card to the third clerk. 

| 7-6. The third clerk should be seated near the x-ray van and should have 
with him the main copy of the Household Schedules and the duplicate numbering 
machine. When a person comes with an x-ray card he will put the x-ray No. on 
the x-ray card as well as in the relevant row of col. 11 of the Schedule. He will 
also put the date on the x-ray card and ask the person to go, with the card, to the 
x-ray van. Whether a person has been x-rayed or not should be stated in all cases 
by this clerk by entering ‘yes’ or ‘no’ as the case may be in col. 10. . 

Note: If different numbering machines are used for stamping numbers on 
the card and on the Schedule, the numbers on the machines should be compared 
frequently (say after every 50 numbers). 

7-7. If an x-ray number has been stamped on a card and if for any reason the 
individual was not x-rayed the x-ray technician should note this fact clearly on the 
x-ray card and also inform the third clerk to make similar entries in the schedule. 
In order to clearly indicate that x-ray was not taken for that number and that it was 
no omission due to technical defects any suitable object at hand may be photographed 
on that film. Every effort should, however, be made to keep such wastage to barest 
minimum. 

7°8. At the end of each sitting compare the number of camera exposures 
with the difference in numbers on the stamping machine at the end of this and the 
previous sittings. Any disparity should be accounted for. 

7-9. In general, till a fairly large fraction (about 75 per cent) of the popula- 
tion to be x-rayed is covered, people should be persuaded to come for x-ray by 
general approach. After that a list of non-respondents should be prepared on the 
basis of the x-ray cards left and each non-respondent should be persuaded through 
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personal contact to come for x-ray. Whenever necessary, the help of influential 
people of the locality should be sought. 

7-10. If, inspite of best efforts, it has not been possible to x-ray some persons 
the reasons for the same should be entered in the card as well as in cols. 10 and 
11 of the main copy of the Schedule. The medical officer in charge of the field 
work: should also give report about the general state of health of each: non-respon- ° 
dent who is present in the village or block at the time of the survey. 


B. READING OF X-RAY FILMS 


8. (CENERAL PROCEDURE 


8-1. The developing of the 70 mm. x-ray films should be done as soon as 
possible. If darkroom and cooling facilities for developing are available in the 
mobile x-ray unit itself, the films may be developed at the end of the day’s work. 
Otherwise, the exposed rolls should be sent to headquarters once or twice a week © 
depending upon the number of film roJls taken and the distance to headquarters. 

8:2. Reading of the films should preferably be done independently by two 
readers. If the films are developed in the field and a doctor trained for reading 
miniature films is travelling with the unit, the first reading may be done on the 
spot ; otherwise, the readings will be done at headquarters. If duplicate readings 
can be done within few days, the list of cases selected for bacteriological. exami- 
nation should be prepared on basis of both readers’ reading. Every case showing 
pathology whether found by both or by only one of the two readers should be 
submitted to bacteriological examination. If there is delay in obtaining the second 
reiding, the instructions given by the first reader should be carried out as soon as 
possible. 

8-3. When reading the films the reader should dictate his findings to a clerk 
without himself referring to the individual cards. This is to ensure an unbiased 
reading. The same procedure should be followed by the second reader who 
should study the tilms without knowing the findings of the first reader. 

The entries, X, Y, Zand on the cards stand for different readers, X & Y indi- 
cating first and second within each zone, and Z a reader from the centre. 

8-4. Care should be taken to see that the correct cards are entered, e.g. by 
the reader calling out the film No. and the clerk answering with the name of 
. the person photographed which, of course, must tally with the name shown on the 
x ray picture. 


9, X-RAY CODE. 


9.1. The Code contains the following four headings :— 
J. Type of Pathology. 
Hg Cavity. 
III. Impressions regarding Aetiology. 
IV. Calcifications. 
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The first two groups allow an objective, descriptive recording of the patho- 
logical findings without any consideration of the nature of the pathology. Group 
IV —Calcifications—records merely absence or presence of calcifications, also without 
considering possible aetiology. Group I1]—Impressions regarding aetiology—en- 
ables the reader to classify the cases according to. whether he thinks they are tuber- 
culous or not. This classification must necessarily be very subjective. 

9-2. If pathology is present, an entry should be made under all four headings. 
Exceptions from this rule are: 

(i) Calcifications without any other visible pathology, when IV.2 is ticked 
off leaving groups I—III unmarked. 

(ii) Cardio-vascular pathology without any lesions in the lung fields, when 
1:13 only need be marked. 

9-3. If more than one type of pathology is found, the main lesion should be 
noted. Examples: If there are a parenchymal lesion as well as exudative pleurisy 
the former should be noted, or if a pneumonic process plus a fibrotic scar are seen, 
the former should be noted and the latter ignored. 


9:4. While offering some explanatory remarks regarding the various headings 
and sub-headings of the x-ray code, it is not the intention to give a complete and 
exhaustive list of all possible findings in an x-ray picture and their classification 
but the remarks are intended to serve merely as a general guide. In order to obtain 
as uniform reading as possible between different readers co-operating in the Survey, 
arrangements will be made for readers to come together and study films simul- 
taneously, as well as for duplicate or triplicate readings of films from various zones 
by senior readers. | 

9-5. Group I. Type of Pathology.—-Notes on sub-groups : 

I-1. ‘Minimal parenchymal lesions’-—Small, single foci or just a few tiny 
nodules ; or an isolated soft shadow not larger than one square centi- 
meter or the width of the posterior end of a rib. 

I-2. ‘Moderate parenchymal lesions’.—Pathological changes varying from a 
few foci or infiltrations to lesions involving up to 2/3 of one lobe, 
or an equal quantity of lesions scattered through two or more lobes ; this 
is regardless of whether cavities are present or not. 

I-3. ‘Extensive parenchymal lesions’.—(i) Lesions involving the greater part of 
one lobe, i.e. at least 2/3 or 3/4 of the lobe, or more. (ii) lesions in two 
lobes or more which in extent would correspond to that mentioned 
under (i); and (i) generalized spread over all lung fields of small patches 
or circumscript foci as seen in cases of miliary tuberculosis, extensive 
bronchogenic spread, carcinomatosis etc. 

I-4. ‘Lobar Pneumonia’.—Solid pneumonia involving the whole of one or 
more lobes. 

1-5. ‘Atelectasis.—Complete atelectasis of one or more lobes. Small 


areas of atelectasis or segmental atelectasis should be entered under 
Ma or.l:s. 
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1:6. ‘Fibrotic scar in lung’.—Isolated fibrotic strands or bands in the lung 
parenchyma without any other pathological changes being present. 

1-7. ‘Hilary adenitis’.—Solid or dense shadows with founded contours in the 
hilar regions suggestive of enlarged lymph nodes. Exaggerated vascular 
shadows of the hilum should not be noted. Ferihilar parenchymal 
lesions should be entered under 1:2 or 1:3. 

1-8. ‘Pleural scar’—Obliterated costo-phrenic angles or thickened pleura. 

1-9. ‘Pleural effusion’— Shadows filling up the costo-phrenic angle but not 
exceeding the level of the dome of the diaphragm. 

1-10. ‘Pleural effusion, moderate or extensive’ : Effusions of greater extent than 

mentioned under 1-9 

1-11. ‘Hydropneumothorax/pneumothorax’ : (i) Pneumothorax with partial 
collapse of the lung where the lung itself shows no definite involvement, otherwise 
enter under 1:2. or 1-3. ; (ii) complete collapse of the lung by pneumothorax where 
the condition of the lung cannot be ascertained ; (iii) cases of pneumoperitoneum 
with no obvious pulmonary involvement (otherwise enter under 1-2 or 1:3) 

1-12. ‘Cardio-vascular pathology —Marked alteration of shape or/and size of 
heart or aorta (or bovinum, mitral, or aortic stenosis, aneurysm aortae etc.), also 
cases of congestion to the lungs. 

1:13. ‘Operated (thoracoplusty, resection etc.)’—Operated cases where the 
lungs show no definite involvement ; otherwise mark under 1-2 or 1:3. 

1-14, ‘Special pathology’ tumors of lungs or mediastinum, hydatid cysts, or 
any other peculiar condition which do not readily come under any of the categories 
mentioned above : details may be entered briefly under ‘Remarks’. 

1-15. ‘Technical error’ ~All pictures which cannot be interpreted with reason- 
able certainty due to technical error such as shaking of the person false light, marked 
under or overexposure, double exposures, parc of the lung fields cut off, dirty films, 
spots, scratches etc. 

Under ‘Remarks’ can be entered anything of interest such as situs inversus 


(true dextrocardia), marked maldeformity of chest or spine, or anything concerning 
entries. 


9-6. Group II--CAVITY.—In every case with lung pathology present an 
entry must be made under this heading. All shadows suggestive of cavities, irrespec- 
tive of their aetiology, size and number, should be noted under either ‘Doubtful’ 
or ‘Present’. 

9-7, Group III—IMPRESSIONS _ Regarding AETIOLOGY.—All cases 
thought to be of non-tuberculous nature should be marked under ‘A’, those which 
appear to be of tuberculous origin under ‘B’, ‘C’ or ‘D’, and doubtful cases 
under ‘E’ 

Ill. A: Cases of suspected lung abscess, non-tuberculous pneumonia, 

bronchiectasis, congestion, tumors, hydatid cysts, cystic lung, or any other 
" non-tuberculous condition. 

Il]. B: Cases probably due to tuberculosis but which are nat likely to 

excrete any bacilli 
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Ill. CG: Cases of tuberculous nature which may or may not excrete bacilli. 

III. D: Cases which most probably excrete tubercle bacilli. 

III. E; Atypical cases or such cases which could equally well be caused 
by tuberculosis or by some other diseases ; in short, such cases where the 
reader would refrain from committing himself to any special aetiology. 

9:8. Group IV --CALCIFICATIONS.—Definite calcified foci in the lung 

parenchyma or pleura, irrespective of whether any other pathology is present or not. 
Care should be taken not to be misled by blood vessels photographed end on end, 
especially in the hilar regions, or any artifacts such as buttons or things in pockets 
or clothes. 


C. BACTERIOLOGICAL EXAMINATION. 


10-1. All cases showing lung pathology on x-ray should be submitted to bacterio- 
logical examination for tubercle bacilli. The only exceptions are cases with calcifica- 
tions only or with mere scars in the pleura of lungs. 

10-2, The x-ray reader must clearly note on the individual cards that bacte- 
riological examination is wanted. After each session of x-ray readings all cards thus 
marked should be collected and handed over to the pathologist responsible for this 
part of the survey. A list should be prepared of all persons wanted for bacteriology. 
The pathologist will arrange for the collection of specimens as soon as possible. 

10-3. The bacteriological examination should follow as soon as possible after 
the x-ray photograph has been taken. Ifthe films are developed on the spot and 
the x-ray reading done in the field, it may be possible to have the bacteriological 
examination done within a few days after taking the films. However, in most centres 
the two procedures, the photographing and the bacteriological examination, will be 
separated functions, and the latter will follow within a week or two after the former. 
The pathologist should have his own staff and transport so that the bacteriological 
team can move into the field at their own convenience. 

10:4. All necessary equipment and staff for the bacteriological examination 
can be contained in a Willys Jeep station wagon, including furniture such as folding 
chairs, campcots, portable kerosene refrigerator, cases with culture bottles, oxalic 
acid, sodium citrate, water, etc. A list of the equipment is given in Section 10-9 of 
this Appendix. 

10-5. A list of persons to be examined and instructions about time and venue 
should be sent in advance to the district health officer, the local sanitary inspector, 
the village karnam or any other authority who will be responsible for informing the 
people concerned where and when to meet. 

10-6. If it is possible to secure a centrally located house, room or at least a 
verandah it will be most convenient and time-saving to set up a temporary office 
there where people could come, instead of going from house to house to round up 
the persons to be examined. The inoculation of the culture bottles with laryngeal 
swabs is best done indoors after each session so that contamination may be reduced 
to a minimum. 
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10:7, The bacteriological investigation is based upon collection of (i) 2 
laryngeal swab cultures; and if sputum is available, (11) 2 direct smears for micros- 
copy and (iii) 2 sputum swab cultures. This is considered the basic minimum. If 
the laboratory at zonal headquarters is equipped for the same, it would be valuable 
if also (iv) a culture of the sputum could be made after homogenization. 


10-8. The procedure to be followed at the temporary centre in the field may 
be as follows :— ; 


1p 


bo 


Keep a register of persons to be examined and their x-ray cards arranged 
in the same order. 


Check patient’s number and name and other points of identification. 


Take 2 laryngeal swabs and place these in a test tube and cover it so that 
they are not exposed to light while other swabs are being taken. 
Immediately after the laryngeal swabs have been taken, encourage the 
person to try to produce sputum and spit into a sputum cup—paraffined 
pill box or bottle; the bottle should be covered to avoid exposure to 
light. . 

At the field centre, culture the laryngeal swabs and also the sputum by the 

sputum swab method, two swabs each. 

(1) Pour 5 per cent Oxalic Acid (previously sterilized) into the tubes con- 
taining either laryngeal or sputum swabs to cover the cotton wool 
portion and leave for 10 minutes. 

(i1) Pour off the Oxalic Acid and pour in 5 per cent Sodium Citrate and 
leave for 10 minutes. 


(111) Gently press the swabs on the side of the test tube to get rid of excess 


reagent and then rub on the Lowenstein-Jensen medium, one swab to 
each tube. 


(iv) Keep the culture medium at ordinary temperature until return to the 


central laboratory. 


Make 2 slides, using new slides, from the sputum. These can be fixed 
immediately, but staining and examining can be done in the central labor- 
atory. The number is written on the slide with a diamond pencil. The 
slides are to be kept for future reference if required. 

If a small kerosene oil refrigerator is available, cost (Rs. 700 approximately) 
the sputum should be kept in the refrigerator and on return to the 
central laboratory it can be dealt with by the ordinary homogenization 
method, e.g. equal quantity of 6 per cent (Vol.) sulphuric acid for 15 
minutes followed by centrifuging for 15 minutes ; the sediment is washed 
with sterile water and recentrifuged. Culture on Lowenstein-Jensen 
medium. oe. 


Report on cultures, discarding them after 6 weeks. Positive cultures 
should be kept, in case investigation of sputum is required later. 
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MATERIAL REQUIRED BY LABORATORY TEAM 


10°9. Sterile laryngeal swab—2 per person ; sterile test tubes—1 for 2 laryn- 
geal swabs ; sputum culture bottle— McCartney bottles covered with dark paper— 
1 per person ; 1 pair of forecps for straightening swab; 1 spirit lamp; 4 boxes 
of matches ; 2 bottles of 200 c.c. sterile 5 per cent oxalic acid ; 2 bottles of 200 e.c. 
sterile 5 per cent sodium citrate; 2 bottles of 200 c.c. sterile distilled water ; 4 
bottles culture media Lowenstein—Jensen per person; glass pencil; ordinary 
pencil and pen; diamond pencil ; microscope slides ; swab for sputum culture ; 
Face masks and gown ; toilet paper for holding tongue; few extra bottles, wide 
mouthed; grass sticks for making sputum smears ; note book ; Bowl and lotion ; 
bucket ; test-tube racks ; table and chairs ; 


APPENDIX 2. 


EsTIMATES AND ERRORS 


As the survey was done by sampling, the estimation of the prevalence rates 


and their standard errors required the application of certain statistical formulae. 
The method of sampling was different in cities, towns and villages and consequently 
the formulae applied also differed for these three areas. The general formulae 
applied can be seen from the following illustration ; 


If, 


R be the number of strata in the zone, 

Mi _ the total number of towns in the it" stratum, 

mi the number of towns from the i* stratum included in the sample, 

Nij the number of blocks in the jt® town from the i stratum, 

nij the number of blocks from the j** town in the it® stratum included in 
. the sample, 

Xijk the number of persons with tuberculosis in the kth block of the j*® town 

in the i" stratum, 


and Yijk the number of persons in the kt® block of the jt® town of the i 


stratum, 
then the estimate X of the total number of tuberculosis cases in the 
R strata is given by 
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Similarly the total number of persons in the R strata will be given by 
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xX | 
The prevalence rate is estimated by y * 1000. 


The variances of X and Y and their covariance are approximately given by 
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3 l u 
ns | m; m.— j=l 
n m; 
where Xije—* 35 Xipi Kim — 3 Xj 
k=] j=l 
N;; nay 2 . 
and = Yee ss Yrs Y= ee 


The variance of X/Y is then approximately given by 


Y8V(X) + X°V(¥)—2XY Cov. (X¥) 
Y ia yi or 


and its coefficient of variation by 


ee ( cea =, Re! aoe V(Y) . Cov. (XY) aq) 


a? — yee 

In practice the value of Xijk, the number of tuberculosis cases in each village or 
block was itself the result of a calculation based on the survey findings as discussed 
in Chapter IV of the report. 

The formule given above are directly applicable in estimating the prevalence 
rates for towns within each zone and their standard errors. For villages the sampl- 
ing was done by initially stratifying the villages according to size and then choosing 
a constant proportion of the villages from each stratum. In cities, except in Delhi, 
a certain number of blocks was selected at random without any stratification. In 
Delhi the blocks were grouped into three strata, New Delhi, Old Delhi and suburbs. 
and from each stratum the same proportion of blocks was selected for survey. 
The formule given above had to be correspondingly altered to be applicable for 
villages and cities. 

Applying formula (7) above to the data for individual blocks and villages given 
in Appendix 4 the coefficients of variation have been calculated for the first index 
viz., active and probably active cases per 1000 population, for the different cross- 
sections of the population in each zone. These are given in the table below -— 


Coefficients of variation of estimated rates for active and probably active cases 


agen 
Zone | City Towns . Villages 
; ; ’ 

Calcutta ; 9-7 * ee 
Hyderabad 13-2 164 10-2 
. Madanapalle 4-0 TO 64 
Patna 65 14-2 5:7 
Trivandrum 44 11-0 tT 


*Survey not completed. 
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APPENDIX 3 


Tas_eE II—Non-response to x-ray by age and sex. 


I—Calcutta Zone. 


——_— —— 


Age and sex group Eligible for x-ray Not x-rayed Percentage 
City | ? | 
Males | 
! 

5-14 2,458 163 6-6 
15-24 3,168 358 11-3 
25-34 2,634 | 439 16- 
35-44 | 1,621 | 336 2067 
45-54 | 990 | 235 23-7 
55 and above Sst | 171 19-4 

t 
Total | 11,752 | 1,702 14-5 
Females: : : 
5.12 | 1,995 140 7°0 
B5-24 1,623 208 | 1268 
35-34 | 1,4t7 | 207 | 14-6 
35.44 S41 | 121 | 14-4 
| 

45-54 | 522 | 67 | 12.8 
) Pe is 

55 and above ood 107 ) 19.2 
) 
| 

Fotal | 6,955 | 850 ) 12-2 

Grand tetal | 18,707 | ~ 2,552 13-6 
} : 
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APPENDIX 4 
Block and village-wise data for ‘active’ and ‘probably active’ cases. 


I—Calcutta zone 


- City 


Active and probably active cases 


Block No. | Number x-rayed. 


Estimated number Rate per 1000 
\ 
A 485 4-419 9-1] 
ri 480 1-805 3-76 
ae 175 0-614 3-51 
4. 310 2-209 7-13 
5. 480 5-919 12-33 
6. 690 | 5-686 | 8-24 
as 530 9-994 18-86 
8. 335 . 16-884 50-40 
Q. 680 . 19-009 29-43 
20. D05 | 13-753 27-24 
V1. 490 . 8-203 16-74 
bas 465 9-658 20-77 
38. 1,155 21-464 17-72 
14, 435 | 6-776 | 15-58 
15. 535 7-212 13-48 
26. 275 : 2-996 10-90 
37. 255 ) 2-406 9-44 
Is, 225 4-803 ) 19-12 
19. 740 10-696 | 14-46 
20, . 510 10-416 ) 20-43 
9}. . 340 3-787 11-14 
22. 340 1-84] oe42 
23. 335 | 12-299 36-72 
24, 775 10-848 14-00 
25. 270 4-628 17-14 
26. T20 1-362 11-36 
97. 195 1-228 6-30 
28. 120 1-496 12-48 
29. 10 ana 00-00 
30. 595 9.860 16°57 
7 | 255 4-363 1711 
32. 285 3-826 13-42 
33. ) 385 1-787 | 4-64 
34. ; 220 0-519 2-48 
35. 545 6-151 . 11-29 
36. 290 3-293 . 11-36 
37, 150 1-695 11-30 
38. 425 8-133 19-14 
39. 350 20-343 58-12 


40, | 405 ) 8-440 20-84 
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APPENDIX 5. 
FIELD WORK— INTERESTING SIDE-LIGHTS. 


ExTRACTS FROM A TEAM LEADER’S DIARY. 


Finished work at 8-30 p.m. During these 44 hours 301 persons were examined. 
Dr. Vermani and I with some other persons left at 9-00 p.m. for the rest house 
while the vans started for the Municipal Office via the Circular Road. 

At 9-45 p.m. Sharma came in a Riksha. I had hardly finished taking my bath. 
The news was that the x-ray van had turned turtle. Dr. Vermani and | left in all 
haste. We collected his chief sanitary inspector and two more persons and _ reached 
the spot. There was a breach on the road by the side of a tank. On one side of the 
road was the tank and on the other a Nulla. The x-ray van was tilted over at an 
angle of 75 degree. The right side wheels were stuck in the mud and the left side hind 
wheels were 5” clear of the ground. It looked as if the van would completely turn 
over as the water was still flowing and eroding the road. Some genius of a person 
suggested stopping the flow of water. A 4-5" high mud ‘wall’ was made along 
the length of the tank and water prevented from flowing across the road any further. 
There were, besides our men, each in mud and water but helpless, several of Dr. 
Vermani’s staff. The tractor driver was dead drunk, and therefore, not available. 
No rope or chain strong enough was found. But we were taken to a gem of a 
man—Sohan Lal—a member of the Municipality—a practising compounder, I under- 
stand. People obeyed Dr. Sohan Lal. He collected a number of them and got a 
a tug-of-war-rope—entirely his own idea—from the local High School. 


We got the rope and reached the place of accident at 11-00 p.m. Another 
truck had come and many villagers had come to help already. Dr. Sohan Lal’s 
requisitioned truck got stuck on the way and reached at nearly 11-30 p.m. Three 
big logs of wood had been procured. Bricks torn from the road were put under- 
neath, the rope passed round, and pulled. There was no effect. Anyhow with the 
arrival of the stuck-up truck, and a party of police-men, a log of wood was stuck in 
the half visible rim of the hind wheel. Simultaneously the rope was pulled. The 
van rose 3-4” only to sink again. Now jacks were applied to the bumpers but 
bricks placed below the jacks would sink in the ground. More bricks were placed. 
With jacks on, pull of the rope and leverage of the log of wood, the van was raised 
again. Engine was started and with a mighty noise and many cheers it regained 
the road—time was 1-45 a.m. and each one, a practical exponent of the ‘philosophy 
of dirty hands’ and feet too. 

We took our meals at 2-15 a.m. and were back at work at 9-30 instead of the 
scheduled 8-00 a.m. 
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RaINs AND FLOODS IN Punyjas 


It has been raining almost continuously. A good few inches of rain would 
have fallen. Last evening there was some 6” of water on the road inside the Rest 
House. Outside the drizzle is off and on and varies in intensity with the elements, 
but inside it is a steady drip in bigger drops, continuous during day and night. 


On the evening of 4th October 1955 there was some 6” of water on the road in 
the rest house. The vans were standing on one of the side-roads inside the rest house 
and by its side the jeep. At about 12 midnight the attendant who was occupying one 
for the servant’s quarters in the rear came in and told that water had come into his 
room. ‘There was no light in the Rest House and I could not read the time in my 
watch due to pitch darkness. 


I thought the vans and the car should be taken to the G. T. Road, as the water 
was rising at a rapid rate. The attendant was sent to the Marketing Office to get the 
drivers. He had to walk through knee-deep water without the help of any light. 
At 3-30 a.m. or so Mr. Sharma and the three drivers came. With the help of the 
lantern light a struggling form (a snake ?) was made out in the water. Within this 
half an hour water had risen half a step more. 


With the first glance of a doubtful dawn, with the help of the Chowkidar and 
our drivers and Mr. Sharma, the small car was pushed on to the G. T. Road, by 
this time water had risen all the 3 steps of the Rest House and was 2 inches deep in 
each room. The engine was started. The fan sprayed water all over and almost im- 
mediately after start, the engine stopped. It was decided to push the vans on to 
the G. T. Road. There was no other alternative. The rest of the team were 
summoned and each one pushed and pulled at the Generator van in waist deep 
water. The van got stuck on a soft patch. It was puhsed back again to original 
position and again pushed towards the road. It was pushed as far as possible and 
left there. After a few minutes the engine was restarted. It started again and at 
full throttle, in power gear, the van went up the Road. Similary the x-ray van. 
By this time it was 8-00 a.m. water was still rising. By 10-00 a.m. it was to be 18 
inches in each room of the rest house. Once on the road and with all my luggage 
out, the vans were examined. No damage and they were road worthy. 


The jeep was started. It did start but stopped immediately and would not 
start again. Mobil oil was let out, there was more than a gallon of water on top 
of which this oil was floating. New mobil oil was put in. Yet the engine did not 
start. It was decided to let out the petrol, filter it or put in new petrol. At last the 
jeep was pushed to a workshop. All workshops were under water. The screw was 
somehow unscrewed, petrol filtered through chamois and the carburetter pas | 
The jeep became road worthy. What a relief that our vans were not washed off in 


the floods ! 
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STORIES FROM SOUTH 
Extract from field reports 


The display of the huge x-ray van in the Block, the buzz of the generator 
and the click of the Radiographer are enovgh attraction and a convincing 
curiosity shop for the public to respond generally. But the approach of the 
Bacteriologist to pickout a few of the x-rayed, with display of suspicious cards, 
for a manoeuvre in their throats, is enough scare in the block to resist our in- 
vestigation particularly from those who are physically fit. It requires all the tact and 
tenacity on the part of the workers in the field to evoke a good response. 


In areas where a large number of persons examined belonged to the Muslim 
community, we had to make house visits for collection of specimens in various 
localities and in one case, we had to train the husband to take the laryngeal swab of 
his wife. , 


Since the Pilot Survey in June 1955 the monsoon did great damage to many 
of the village roads and in many places the x-ray van could move with great 
difficulty only. In Tumkur District the original road to Naganaballi village was a 
lorry track, tolerably good. When the x-ray unit reached there, the whole road 
was washed away, rutted, and even encroached by cultivation. It is praise-worthy 
that in response to our appeal about 60 villagers voluntarily relaid the road within 
one day and the x-ray van could move right into the village. 


At another place a cart track to a village was widened—a distance of about 5 
miles from the main road. . 


On October 20, 1955 the x-ray van got stuck in the night at 22-00 hrs. on the 
way to Reddipalle, Cuddapah District, in the middle of the one-mile-wide Pennar 
River. Some of the staff slept in or around the van guarding it. The next morning 
14 pairs of bullocks were engaged to drag the x-ray van up. 


Another time at Muthyalpad the x-ray van sank into sandy road. A trench 
had to be dug, paved with stones, and the x-ray van towed up with the Jeep, 
assisted by 50 people who pushed and pulled. 


The fear of a needle prick was strong in the minds of many and the sight of a 
laryngeal swab occasionally caused great agility in old people who had been too 
decrepit to move before and they had to be pursued and be persuaded that there 
was no needle. 


Instruction had to be given as to what was ‘sputum’ not just saliva. In villages 
the whole population became interested. In one place, a sick man had to be visited 


- 
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in his hut as he was not well enough to come to the village centre. His first attempt 
at spitting produced only saliva and the rest of the village who had learnt what 
was wanted frowned on him with disapproval. So he had to try again and the real 
stuff came up this time and people lifted up their hands and cried ‘“‘AH” in 
approval. He had done his duty well ! 


INTERESTING PUBLIC REACTIONS 


Off to the Jungles.—At one place, Daltonganj, many houses were found vacant 
and people had run away to local jungles. On equiry it was gathered that only 
recently a census of young adults was completed and they feared military recruit- 
ment. They returned after a few days, when they came to know the real objective. 


The ‘Wrestler’ and his ‘‘Prisoner’.—In one place a person refused to come 
for examination or send his wife or children for the same, although the x-ray van 
was within 50 yards. (or less) from his house. He warned our personnel that if any 
one entered his house he would be doing so at his own risk and the consequences 
would be extremely serious. The Sub-divisional magistrate of the place, however, 
persuaded him to come for x-ray. Thus he came to the x-ray unit in the evening ; 
this 6 feet tall broad man, challenged to wrestle with any one who would even think 
that he had anything like tuberculosis in his chest. Ultimately he and his two 
children were x-rayed, but not his wife. He declared that during the seven years of 
his married life, his wife had never come down from the Ist floor. If she ever did 
so, he was prepared to murder her. Further efforts to get the lady x-rayed were 


given up. 


Mother-in-law’s heroic sacrifice. —Once when a family consisting of a mother- 
in-law, daugter-in-law and an infant in-arms, was being persuaded to get x-rayed, 
the old mother-in-law said to her daughter-in-law, in pathetic tones, “‘Look I am 
going for this and if I do not come back you leave this place and take to the jungles. 


God will take care of you’. 


Public anxiety.—A great difficulty was the continuous questions from thepublic 
about what would happen if they were discovered to be suffering from tuber- 
culosis ; who would treat them ; whether they would get help who would look after 


the family ; would they be put in isolation camps ; would they be considered as out- 


castes in their society ? 


Customs and prejudices.—Purdah system was a very great hindrance for the 
survey work. In villages with strong purdah practice special arrangements were 
made such as making enclosures of cloth so that ladies could move into the x-ray 
yan trom a nearby house or veranda without being visible to the public. Some 
strict purdah observers did not come for x-ray even after these arrangements were 
shown to the male members of their family. Whereas the orthodox muslims wanted 
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lady technical personnel in some other communities matured girls were forbidden 
to come to public places before their marriage. 


Yr 


Some of the Muslims refused to come for x-ray as the Koran forbids portraits. 
Most of them were persuaded by explaining that an x-ray photo was not a portrait 
but only a shadow picture of the chest. 


Strange views and expectations.—Some persons wanted ‘“‘group x-rays photo’, 
whereas some other wanted copies of the x-ray photo. 


Some persons believed that the survey work was being carried out for the 
object of birth control as the family planning schemes were not successful. 


Some persons brought their wives who were in full term of pregnancy for 
finding out the sex of the child that would be born, by means of x-ray. 


Some people came for x-ray of different parts, specially of head and pelvic 
region to find out the cause of mental deficiency and impotency respectively. 


Some educated persons were scared to come for x-ray under the impression 
that taking an x-ray photo will cause harmful effects on the body. 


Some people thought that if they came near the x-ray van, they would catch 
tuberculosis. 
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